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SUMMARY 


I.  INTRODUCTION  AND  OBJECTIVES 

United  States  strategic  nuclear  farces  Include  land-based 
Intercontinental  ballistic  missiles  (ICBMs),  long-range  bombers  of  the 
Strategic  Air  Command  (SAC),  and  subfttarlne-launched  ballistic  missiles 
(SLBMs).  Populations  of  the  "counterforce"  areas  associated  with  these 
strategic  facilities  are  considered  to  be  at  a  higher  level  of  risk  than  the 
U.S.  population  as  a  whole.  Under  the  concept  of  Crisis  Relocation  Planning 
(CRP),  In  a  period  of  Increasing  International  tensions,  residents  of  areas 
having  a  high  risk  of  receiving  direct  weapons  effects  Including  those 
proximate  to  strategic  facilities  would  be  relocated  to  areas  having  less  risk 
of  Incurring  these  effects.  Only  key  workers  would  be  sheltered  In  the  risk 
areas.  In  both  risk-  and  host-area  shelters,  adequate  ventilation  Is  needed 
to  prevent  carbon  dioxide  buildup,  oxygtn  depletion,  and  the  elevation  of 
temperature  and  humidity  to  unbearable  levels,  iltockplling  Is  one  option  for 
ensuring  that  ventilation  equipme  is  available  during  a  crisis  situation  to 
shelters  requiring  mechanical  ventilation.  However,  because  of  the  long 
manufacturing  lead  time  for  the  PVK  and  the  program  cost  to  purchase 
ventilators  for  stockpiling,  deplojmwnt  procedures  and  shelter  facilities  need 
to  be  evaluated  to  minimize  the  number  of  ventilators  required. 

The  major  objectives  of  this  study  are  to  review  and  evaluate  concepts  In 
allocating  and  deploying  ventilation  equipment  to  risk-area  and  host-area 
shelter  facilities  and  to  use  the  ventilating  concepts  to  estimate  the  total 
number  of  ventilators  needed  to  supply  fresh  air  to  all  of  the  host-area  and 
risk-area  shelter  facilities  associated  with  counterforce  areas.  A  secondary 
objective  Is  tc  develop  a  priority  system  that  can  be  used  to  choose  shelter  . 
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stories  In  areas  with  surplus  shelter  spaces  In  a  way  that  will  minimize  the 
total  number  of  ventilating  kits  required. 

II.  VEHTILATION  CONCEPTS 

The  ventilating  characteristics  of  the  Package  Ventilation  kit  (PVk),  the 
Kearny  pump,  and  natural  (wind  and  thermal)  ventilation  are  briefly 
summarized.  These  ventilating  characteristics  are  then  used  to  estimate  the 
number  of  ventilation  kits  required  to  supply  and  distribute  air  to  a  shelter 
story  as  a  function  of  Its  location,  size,  configuration,  and  zonal 
ventilation  requirement.  In  developing  the  estimates,  optimal  ventilation  kU 
deployment  (so  as  to  minimize  the  number  of  devices  required  per  shelter 
story)  Is  assumed.  Estimates  are  presented  for  both  "best  case"  and  "worst 
case"  scenarios.  Under  the  "best  case"  assumption,  w1nd>dr1ve  ventilation 
will  deliver  8,692  cfm  to  any  aboveground  story.  No  shelter  story  can  be 
adequately  ventilated  by  wind-driven  ventilation  under  the  "worst  case" 
assumption. 

III.  COUNTERFOfiCE  RISK  AND  HOST  AREA  VENTILATION  KIT  REQUIREMENTS 

A  methodology  Is  developed  to  Identify  counties  with  counterforce  risk 
areas  and  associated  risk  populations.  Each  county  with  counterforce  risk 
and/or  h  st  areas  Is  described  In  terms  of  the  populations  to  be  sheltered  and 
zonal  ventilation  requirement.  A  computer  program  Is  developed  to  extract 
shelter  availability  and  vent11at1'“g  characteristics  data  by  county  from  the 
NSS-CRP  Mister  File.  Another  computer  program  estimates  ventilation  kit 
requirements  by  county,  using  the  shelter  ventilating  characteristics  data  and 
the  ventilation  kit  requirements  In  terms  of  these  data.  In  computing  the 
ventilation  kit  requirements,  the  numbers  of  shelter  stories  requiring  no 
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ventilation  devices,  only  Kearny  pumps,  only  PVKs,  and  combinations  of  Kearny 
pimps  and  PVKs  are  compiled.  Also,  a  record  Is  kept  of  the  numbers  of 
additional  host-  and  risk-area  shelter  spaces  needed.  In  addition,  the 
numbers  of  rltk-  and  host -area  spaces  serviced  by  each  Kearny  pump  and  PVK  are 
computed.  These  data  are  summarized  by  counterforce  area  and  FEKA  Region. 

IV.  CONCLUSIONS 

The  number  of  PVKs  required  by  a  shelter  story  Is  a  function  of  the 
shelter  story  size,  the  zonal  ventilation  requirement,  and  the  FVK  capacity. 
Since  the  estlamtes  of  PVK  requirements  derived  In  this  study  are  based  on 
actual  distributions  of  shelter  story  sizes  and  actual  zonal  ventilation 
requirements,  their  accuracy  Is  subject  mainly  to  the  assumptions  concerning 
PVK  capacity  (4,000  cfm  for  aboveground  stories,  3,000  cfm  for  basement 
stories).  The  PVK  capacities  are  based  on  the  use  of  all  of  the  duct 
packaged  with  the  kit,  therefore  the  estimates  of  requirements  probably  tend 
to  be  high. 

The  number  of  Kearny  pumps  required  by  a  shelter  story  Is  a  functio»i  of 
floor  configuration  In  addition  to  shelter  story  size,  zonal  ventilation 
requirement,  and  Kearny  pump  capacity.  Because  of  the  absence  of  floor 
configuration  data  for  CRP  facilities  and  the  unavailability  of  these  data  In 
the  NSS-CRP  Master  File  for  NSS  facilities,  a  random  sample  of  NSS  shelter 
stories  dra«n  from  a  10-year-o1d  RTI  research  report  was  used  to  estlaMte 
distributions  of  floor  configurations.  Therefore,  the  Kearny  pump  requlreawnt 
estimates  are  subject  to  greater  Inaccuracies  than  the  PVK  requirement 
estimates. 

Ventilation  kit  procurements  should  be  based  on  the  "worst  case" 
requirements.  This  conservative  approach  would  recognize  tile  uncertainties 
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assoclattd  with  wind-drivtn  vtntllatlon  and  tha  sitt  sptelfic  factors 
affecting  Its  performance.  In  addition »  If  procMromewts  are  aiade*  attention 
must  be  given  to  the  large  differences  In  requirements  not  only  between  FEMA 
Regions  but  even  between  counties  In  the  same  counterforce  area. 

Tor  the  purpose  of  minimizing  ventilation  kl*’  requirements,  aboveground 
shelter  stories  with  complex  configurations  should  be  preferred  (more 
apertures  available  to  supply  air  and  more  partitions  to  distribute  air)  to 
simple  configuration  aboveground  stories  or  belowground  stories.  If  the 
choice  Is  between  belowground  shelter  stories,  simple  configurations  should 
require  fewer  Kearny  pumps  than  complex  configurations  (more  dead-end  rooan). 
However,  If  a  shelter  story  Is  chosen  simply  on  the  basis  of  ventilation 
equipment  requirements,  other  factors  (such  as  blast  protection)  may  be 
cowipromised. 
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requ1  renwnts ,  opt1n>al  ventilation  kit  deployriwnt  (so  as  to  minimize  the 
number  of  devices  required  per  shelter  story)  was  assumed. 

Data  derived  from  the  NSS-CRP  Master  File  ard  from  a  sample  of  N5S 
shelter  facMItles  were  employed  to  define  the  ventilating  characteristics  of 
the  shelter  facilities  In  each  counterforce  r<sk  and  host  county.  These 
data  then  were  used  along  with  pertinent  counter  force  risk-  and  host-area 
characteristics  (sheltrr  requirements  and  zonal  ventilation  requirements)  to 
est1.l^ate  the  ventilation  kit  requirements  by  county,  counterforce  erea,  and 
FEMA  Region.  Estimates  were  computed  under  both  "best  case"  and  "worst  case 
assumptions.  Under  the  "best  case"  assumpti 'n,  wind-driven  ventilation 
could  deliver  8,692  cfm  to  any  aboveground  story.  No  shelter  story  could 
be  adequately  ventilated  by  wind-driven  ventilation  under  the  "worst  case" 
assumption. 

In  computing  the  ventilation  kit  requirements,  the  numbers  of  shelter 
stories  requiring  no  ventilation  devices,  only  Kearny  pumps,  only  PVKs,  and 
combinations  of  Kearny  pumps  and  PVKs  were  compiled.  ^I'O,  a  record  was 
kept  of  the  numbers  of  additional  host-  and  risk-area  shelter  spaces  needed. 
In  addition,  the  numbers  of  risk-  and  nost-area  spaces  serviced  by  each 
Kearny  oump  and  PVK  wqre  computed.  These  ratios  could  be  used  to  estimat.* 
equipment  requirements  for  Incompletely  surveyed  cou'’t1cs  or  to  recalculate 
requirements  when  better  data  defining  counterforte  risk-  and  host-areas 
are  available. 
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<«STRACT 


This  study  consisted  of  «n  Investigation  Into  sevtrel  Aspects  of 
providing  ventllAtlon  In  counterforce  risk-  and  host-area  shelter  facilities. 
Ventilation  concepts,  Including  the  characteristics  uf  leethods  for  providing 
ventilation  and  the  shelter  characteristics  affecting  ventilation,  were 
revleMcd.  Ventilation  kit  requi refnents  Mere  developed  as  a  ^ur''t1on  of 
shelter  ventilating  characteristics.  In  defining  ventilation  kit 
requirements,  optimal  ventilation  kit  deployment  (so  as  to  minimize  the  number 
of  devices  required  per  shelter  story)  Mas  assumed. 

Data  derived  from  the  NSS-CRP  Master  File  and  from  a  sample  of  NSS 
shelter  facilities  Mere  employed  to  define  the  ventilating  characteristics  of 
the  shelter  facilities  In  each  counterforce  risk  and  host  county.  These  data 
then  Mere  used  along  Mith  pertinent  counterforce  risk-  and  host-area 
characteristics  (shelter  requirements  and  zonal  ventilation  requirements)  to 
estimate  the  ventilation  kit  requirements  by  county,  counterforce  area,  and 
FEMA  Region.  Estimates  Mere  computed  under  both  "best  case"  and  "Morst  case" 
assumptions.  Under  the  "best  case"  assumption,  wind-driven  ventilation  could 
deliver  8,692  cfm  to  any  aboveground  story.  No  shelter  story  could  be 
adequately  ventilated  by  Mind-driven  ventilation  under  the  "MOrst  case" 
assumption. 

In  confuting  the  ventilation  kit  requirements,  the  numbers  of  shelter 
stories  requi ring  no  ventilation  devices,  only  Kearny  pumps,  only  PVKs,  and 
combinations  of  Kearny  pumps  and  PVKs  Mere  compiled.  Also,  a  record  Mas  kept 
of  the  numbers  of  additional  host-  and  risk-area  shelter  spaces  needed.  In 
addl»-1on,  the  numbers  of  risk-  and  host-area  spaces  serviced  by  each  Kearny 
pump  and  PVK  Mere  computed.  These  ratios  could  be  used  to  estimate  equipment 
requiranents  for  Incompletely  surveyed  counties  or  to  recalculate  requirements 
Mhen  better  data  defining  counterforce  risk-  and  Iwst-areas  are  available. 
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I.  INTRODUCTION 


A.  Rtport  Ovtrvltw 

This  Is  ft  f1n«1  report  by  Research  Triangle  Institute  (RTI)  on  Federal 
Emergency  Management  Agency  (FEMA)  Contract  Number  EtW-C-0336,  Work  Unit 
1211C,  "Ventilation-Host  and  Risk  Area  Techniques."  In  addition  to  the 
following  subsection,  which  provides  background  Information,  this  report 
consists  of  sections  that  cover  objectives,  scope,  ventilation  concepts, 
counterforce  risk-  and  host-area  ventilation  kit  requi rnaents .  and  conclusions 
and  recommendations.  Section  II.  Objectives  and  Scope,  provides  a  more 
detailed  summary  of  the  contents  of  each  report  section. 

B.  Background 

United  States  strategic  nuclear  forces  Include  land-based 
Intercontinental  ballistic  missiles  (ICBMs).  long-range  bombers  of  the 
Strategic  Air  Command  (SAC),  and  submarine-launched  ballistic  missiles 
(SLBMs).  The  chief  function  of  these  forces  Is  to  deter  nuclear  attack  under 
the  concept  of  "mutually  assured  destruction."  However,  a  strategic  nuclear 
attack  against  the  United  States  could  be  limited  to  strategic  nuclear  forces. 
In  an  attempt  to  preempt  a  retaliatory  nuclear  attack.  Such  a  strategic 
attack  Is  referred  to  as  a  "counterforce"  attack.  Populations  of 
"counterforce"  areas  are  considered  to  be  at  a  higher  level  of  risk  than  the 
U.S.  population  as  a  whole. 

Recent  planning  for  the  protection  of  civilian  populations  has  focused  on 
the  concept  of  Crisis  Relocation  Planning  (CRP).  Under  this  concept.  In  a 
period  of  escalating  International  tensions  that  could  lead  to  nuclear  war. 
the  residents  of  areas  having  a  high  risk  of  receiving  direct  weapons  effects 
from  a  nuclear  attack  would  be  relocated  to  areas  (mostly  rural  In  nature) 
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having  less  risk  of  Incurring  these  effects.  Orly  key  workers  (Critical  Work 
Force)  would  be  sheltered  In  blast-resistant  structures  In  the  risk  areas.  In 
the  host  areas,  many  people  would  be  sheltered  In  non-NSS  facilities  (I.e.. 
facilities  with  a  Protection  Factor  less  than  20)  In  which  the  fallout 
protection  would  be  expediently  upgraded. 

A  primary  consideration  In  maintaining  a  habitable  environment  In  a 
rhelter  occupied  at  the  rate  of  1  person  per  10  square  feet  of  floor  area  Is 
the  provision  of  adequate  ventilation.  Fxperlmental  data  show  that  a  minimum 
of  3  cubic  feet  per  minute  (cfm)  per  occupant  of  fresh  air  is  needed  to 
prevent  carbon  dioxide  buildup  and  oxygen  depletion.  However,  depending  on 
the  ambient  temperature  and  Ixoaldlty.  between  2  cfm  and  47  cfm  per  occupant  Is 
required  to  prevent  whe  heat  and  moisture  given  off  by  shelter  occupants  from 
reaching  unbearable  levels.  In  some  situations,  natural,  wind-driven 
ventilation  will  suffice.  However,  for  situations  requiring  mechanical 
ventilation  to  supply  and  distribute  air  In  shelters,  researchers  have 
developed  a  pedal -powered  axial  fan,  referred  to  as  a  Package  Ventilation  kit 
(PVK),  and  a  hand-driven  "flap  valve"  pump,  referred  to  as  a  Kearny  pump. 

Stockpiling  Is  one  option  for  ensuring  that  ventilation  equipment  Is 
available  to  risk-area  blast  shelters  and  host-area  fallout  shelters  during  a 
crisis  situation.  However,  because  of  the  long  manufacturing  lead  time  for 
the  PVK  and  the  program  cost  to  purchase  ventilators  for  stockpiling, 
deployment  procedures  and  shelter  facilities  need  to  be  evaluated  to  minimize 
the  number  of  ventilators  required. 
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II.  OBJECTIVES  AND  SCOPE 


A.  0bjtct1v«s 

Th«  Mjor  Qbjtctivts  of  this  rtSMrch  art  (1)  to  rtvitw  and  ovaluatt 
conceots  In  allocating  and  deploying  ventilation  equlpnent  to  risk-area  and 
host-area  shelter  facilities  and  (2)  to  use  the  ventilating  concepts  to 
estimate  the  total  number  of  ventilators  niieded  to  supply  fresh  air  to  all  of 
the  host-area  and  risk-area  shelter  facilities  associated  with  counterforce 
areas.  A  secondary  objective  Is  to  develop  a  priority  system  that  can  be 
used  to  choose  shelter  stories  In  areas  with  surplus  shelter  spaces  In  a  way 
that  will  minimize  the  total  number  of  ventilating  kUs  required. 

B.  Scope 

This  research  report  consists  of  the  following  chapters  and  appendices. 
Chapter  3  contains  a  summary  of  ventilation  concepts .  Including 
characteristics  of  methods  of  providing  ventilation  as  well  as  shelter 
characteristics  affecting  ventilation.  Chapter  3  also  presents  ventilation 
kit  requirements  as  a  function  of  shelter  ventilating  characteristics. 

Chapter  4  Includes  a  description  of  counterforce  risk-  and  host-area 
characteristics,  the  approach  followed  In  determining  counterforce  risk-  and 
host-area  shelter  ventilating  characteristics,  and  the  estimated  ventilation 
kit  requirements.  Chapter  5  presents  conclusions  and  recommendations. 
Appendix  A  contains  a  detailed  breakdown  of  ventilation  kit  requirements  by 
county,  estimated  under  "best  case"  assumptions.  Appendix  B  Is  the  same 
breakdown,  estimated  under  "worst  case"  assueptlons. 


Ii:.  VENTILATION  CONCEPTS 


To  dtfino  on  optlmlzod  usogo  o*  vontllatlor  kits  for  countorforct  risk 
»nd  host  ortas,  It  Is  nocassary  to  review  the  characteristics  of  the  available 
ventilating  concepts  and  the  shelter  characteristics  that  affect  ventilation. 
The  following  paragraphs  briefly  suMnarlze  the  ventilating  characteristics  of 
the  Package  Ventilation  Kit  (PVK),  the  Kearny  punp.  and  natural  (wind  and 
theriMl)  ventilation.  These  ventilating  characteristics  are  then  used  to 
estliMte  the  nuaber  of  ventilation  kits  required  to  supply  and  distribute  air 
to  a  shelter  story  as  a  function  of  Its  location*  size*  configuration*  and 
zonal  ventilation  requlreaient. 

A.  Package  Ventilation  Kit  (PVK) 

The  PVK  currently  being  considered  by  the  Federal  Emergency  Nanagement 
Agency  (FENA)  for  use  In  ventilating  fallout  shelters  was  developed  by  the 
General  American  Research  Division  (6ARD)  and  consists  of  a  four-bladed* 
30-Inch  diameter  axial  fan  and  shroud.  Figure  IIl-l  Is  on  Illustration  of  a 
PVK.  It  Is  operated  manually  by  one  operator  with  a  pedal -crank  and  chain 
arrangement  similar  to  a  bicycle  drive.  An  averagii  operator  would  apply  a  0.1 
HP  Input*  at  a  crank  speed  of  approximately  55  RPM*  with  a  resultant  fan 
velocity  of  423  RPM  [1]*  Detailed  specifications  and  performance 
charaterl sties  of  the  PVK  are  described  In  a  research  report  published  by  GARO 
[1]. 

In  most  shelter  applications*  It  Is  necessary  to  use  ducting  attached  to 
the  Tin  to  direct  the  air  through  the  shelter  along  the  proper  path  and  to 
ensure  that  stale  air  Is  exhausted  from  the  shelter.  The  duct  used  with  the 
PVK  Is  30  Inches  In  diameter  and  Is  mad?  from  polyethylene  plastic  film. 

Fifty  feet  of  duct  are  supplied  with  each  PVK.  Because  the  duct  Is  not  self 
supporting*  the  PVK  should  be  used  only  to  exhaust  stale  air  from  s  fallout 
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slttUtr  and  can  b«  plactd  to  aid  In  air  distribution.  Whtn  tha  duct  Is 
attacntd  to  tht  fan,  tht  capacity  of  tha  fan  Is  lowarad  by  varying  aawunts 
dapanding  on  tha  langth  of  duct  used  and  tba  nuMbar  of  bands  in  the  duct. 

GARD  [2]  parformad  evaluations  of  tha  ducting  with  different  Quantities  of  air 
moving  through  different  lengths  of  duct  to  establish  tha  pressure  loss  In  tha 
duct.  By  applying  tha  curves  developed  from  the  duct  evaluation  to  the  curves 
of  the  PVK  (operated  at  0.1  HP  Input),  a  relationship  between  f*n  capacity  and 
duct  length  can  be  established.  This  relationship  Is  shown  In  Figure  121-2. 
Bends  In  the  duct  also  reduce  the  air  delivered  by  the  PVK.  This  reduction  Is 
accounted  for  by  determining  the  length  of  straight  duct  that  would  cause  a 
reduction  In  airflow  (an  Increase  In  pressure)  equivalent  to  that  caused  by  a 
bend.  These  equivalent  duct  lengths  (edl)  have  also  been  detcrslnid  by  GARS 
[3]  and  are  reported  as  follows: 

•  45*  bend,  50  feet 

•  90*  bend,  100  feet 

•  120*  bend,  150  feet 

To  determine  the  amount  of  air  delivered  by  a  PVK  In  a  particular 
application,  the  total  equivalent  duct  length  must  be  determined  by  adding  the 
straight  duct  length  and  the  equivalent  duct  length  of  any  bends  In  the  duct. 
The  total  equivalent  duct  length  Is  then  used  to  determine  the  air  delivery 
rate  from  the  graph  In  Figure  I I 1-2. 

Aperture  availability  Is  an  additional  factor  that  must  be  evaluated  In 
determining  the  usefulness  of  a  PVK  for  shelter  ventilation.  When  a  PVK  Is  to 
be  used,  an  aperture  area  equal  to  the  cross-sectional  area  of  the  duct  (4.9 
square  feet)  must  be  available  as  an  air  Inlet  [4].  This  Is  of  course  In 
addition  to  the  outlet  aperture  area  rsquired  to  accommodate  the  duct.  If 
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Stitk  PrMiur*  (inclwi-  of  wMtar  gagi) 


Insufflcltrt  epertur«  «r«a  Is  avallibU,  It  may  b«  possible  to  create 
expedient  openings, 
b.  Kearny  Puwp 

The  Kearny  puMp  being  considered  for  ventilating  small  shelters  and  for 
distributing  air  to  stagnant  areas  within  shelters  was  also  developed  by  GARD. 
It  consists  of  a  two-piece  rectangular  frame  within  which  are  mounted  16 
polyethelene,  one-way  flap  valves.  The  frame  Is  covered  by  a  cosrse  wire  mesh 
screen.  The  Kearny  pump  Is  designed  for  doorway  mounting  and  Is  suspended 
from  an  expandable  doorway  support  bar  that  provides  the  pivot  hinges  for  the 
unit.  Detailed  specifications  of  the  Kearny  pump  are  contained  In  the  GARD 
report  referen^»H  e?rl1*r  [Ij. 

Air  Is  moved  unldlrectlonally  by  a  Kearny  pump  without  the  use  of 
ducting.  An  operator  manually  swings  the  Kearny  pump  by  means  of  a  rope 
attached  to  the  pivot  end.  The  flaps  open  as  the  pump  swings  away  from  the 
operator,  and  the  flaps  are  closed  during  the  power  stroke,  as  the  operator 
pulls  It  towards  him.  The  Kearny  pump  Is  composed  of  two,  3-foot-1ong 
sections.  It  can  be  deployed  as  a  full-length,  6-foot  pump,  with  upper  and 
lower  sections  Intact,  or  as  a  half-length,  3-foot  pump,  with  the  lower 
section  detached.  Figure  II 1-3  Illustrates  a  6-foot  Kearny  pump  mounted  In  a 
doorway. 

Several  experimental  ventilation  studies  have  been  performed  to  evaluate 
the  effectiveness  of  the  Kearny  pump.  In  studies  conductod  at  the  Protective 
Structures  Development  Center,  Fort  Belvoir,  Virginia  [5],  Svaerl  and  Stein 
determined  that  one  Kearny  pump  without  baffles  will  deliver  3,700  cfm  to  a 
flow-through  room.  With  side  baffles  on  both  the  Inlet  and  discharge  sides, 
one  Kearny  pump  will  deliver  4,600  cfm.  They  further  determined  that  one 
Kearny  pump  will  deliver  590  cfm  to  a  dead-end  room  or  can  distribute  a1r  over 
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1,000  squ«rt  fttt  of  floor  «roa.  Lattr  txporlntontal  studios  parfomwd  by 
Wright  of  tht  Rtstarch  Trlanglt  Instltuto  (^TI)  [6]  also  shOMtd  that  ont 
Kearny  pump  can  dal  Ivor  3.700  cfm  to  a  f1o«->through  room.  Kapil  and  Rathman 
of  OARD  [7]  ewasurad  airflow  ratas  up  to  4,600  cfm  'rom  ona  Kaarny  pump  In  a 
flow-through  room.  Figure  III-4  contains  the  Kearny  pump  performance  curve 
generated  by  Kapil  and  Rathman.  They  suggest  that  although  the  curve 
indicates  deliveries  In  excess  of  4.000  cfm,  a  more  realistic  delivery  would 
be  closer  to  3,000  cfm,  due  to  potential  pressure  losses  not  present  In  the 
test  setup. 

If  a  Kearny  pump  Is  to  be  used  to  supply  air  to  a  small  shelter  story,  an 
aperture  area  equal  to  one-half  the  area  of  the  Kearny  pump  must  be  available 
as  an  air  Inlet  [4].  For  the  6-foot  Kearny  pump,  this  represents  an  area  of 
7,5  square  feet.  If  this  aperture  area  Is  not  available,  It  may  be  possible 
to  create  an  expedient  opening,  or  It  may  be  necessary  to  employ  a  PVK  In 
place  of  a  Kearny  pump. 

C.  Natural  Ventilation 

In  a  recently  completed  experimental  study,  GARD  [8]  assessed  the 
adequacy  of  wind -Induced  ventilation  for  shelters  having  full  earth  berms  with 
at  least  6  Inches  of  earth  overhead.  Factors  affecting  the  wind-induced 
ventilation  through  a  building  Include  wind  speed,  wind  direction,  boundary 
layer  profile  of  the  approaching  wind,  building  geometry,  areas  and  locations 
of  windows  and  doors.  Internal  obstacles  within  the  building,  and  the  nature 
and  proximity  of  neighboring  buildings  and  obstructions.  GARD  performed  a 
series  of  tests  In  a  low-speed  wind  tunnel  on  scaled  model  buildings  of 
relatively  simple  geometry.  Internal  flow  resistances  were  excluded,  though 
the  remainder  of  the  above  factors  were  taken  Into  account.  From  the 
experimental  results,  GARD  concluded  that,  for  a  shelter  occupant  density  of 
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10  square  feet  per  person,  sizeable  ventilation  rates  (>  40  cfm  per  person) 
are  achievable  at  low  wind  speeds  (>  5  mph).  A  ventilation  rate  of  at  least 
41  cfm  per  occupant  was  measured  for  every  opening  configuration  and 
angle-of-wind  Incidence  combination  except  one  case.  Where  the  only  exterior 
apertures  were  In  opposite  walls  and  the  wind  flow  was  parallel  to  the  walls 
with  the  apertures,  no  ventilation  was  measured  In  the  shelter.  The  total 
exterior  aperture  area  ranged  from  a  minimum  of  84  square  feet  (1  aperture 
each  In  opposite  walls)  to  a  maximum  of  208  square  feet  (1  aperture  In  each  of 
4  exterior  walls).  The  use  of  wind-induced  ventilation  may  be  limited  by 
shelter  story  size,  aperture  area  or  configuration,  wind  speed  and  direction, 
building  geometry.  Internal  obstacles,  or  the  nature  and  roximity  of 
neighboring  buildings  and  obstructions. 

A  number  of  theoretical  and  experimental  studies  have  dealt  with 
thermally  Induced  natural  ventilation  In  buildings.  Flow  due  to  the  thermal 
(or  stack)  effect  alone  depends  on  the  presence  of  at  least  two  openings  (an 
Inlet  and  an  outlet)  n  an  enclosed  structure.  The  outlet  must  be  higher  than 
the  inlet.  In  addition,  a  source  of  heat  must  be  present  within  the 
structure.  The  volume  of  natural  ventilation  Is  directly  proportional  to  the 
Indoor-outdoor  temperature  differential.  Furthermore,  according  to  J.  M. 

Bruce  [9],  "the  ventilation  rate  and  the  temperature  difference  are  virtually 
independent  of  the  external  temperature,  I.e.,  the  stack  effect  is  the  same 
winter  and  summer  for  the  same  outlet  area,  height,  and  heat  load."  Therefore 
an  i;  .lerent  problem  In  relying  on  thermal  ventilation  In  a  fallout  shelter 
environment  Is  the  potential  buildup  of  shelter  temperature  to  Intolerable 
level  s. 
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D,  Optimal  Ventilation  Kit  Allocitlon 

Factors  that  affect  the  ventilating  characteristics  (and  therefore  the 
requirement  for  ventilation  klts^  of  a  shelter  story  Include  floor  plan  (room 
configuration),  story  size,  aperture  configuration  and  size,  and  the  zonal 
ventilation  requirement  for  the  county  In  which  the  shelter  Is  located.  A 
shelter's  floor  plan  affects  the  distribution  of  air  and,  therefore,  the  need 
for  Kearny  pumps.  The  total  volume  of  ventllatlsn  reqvlt^  by  a  shelter  story 
is  a  function  of  the  story  size  and  zonal  ventilation  requirement.  Aperture 
configuration  affects  air  distribution,  and  a  mimimum  Inlet  and  outlet  area  Is 
required  for  adequate  ventilation.  Shelter  story  location  (basement  or 
aboveground)  Is  probably  the  major  factor  Influencing  aperture  configuration 
and  size. 

Figure  III>5  Illustrates  six  basic  shelter  configurations  Identified  by 
RTI  In  an  earlier  study  [10].  In  a  subsequent  RTI  study  [11],  the 
distribution  of  NSS  shelter  stories  requiring  ventilation  was  estimated 
according  to  configuration.  Table  IINl  presents  this  distribution  and  shows 
general  subcategories  of  configurations.  RTI  recently  completed  a  project 
[12]  In  which  ventilation  kit  allocation  and  deployment  methodologies  were 
developed  such  that  the  total  number  of  ventilators  needed  would  be  minimized. 
Based  on  these  methodologies,  tables  were  developed  showing  the  number  of 
Kearny  pumps  needed  per  shelter  story  as  a  function  of  shelter  configuration, 
zonal  ventilation  requirement,  story  size,  and  story  local. on  (basement  or 
first-floor  story).  For  the  purpose  of  estimating  the  number  of  PVKs  and 
Kearny  pumps  needed  in  counterforce  risk  and  host  areas,  these  tables  have 
been  slightly  modified  for  this  study.  The  size  categories  have  been  changed 
to  correspond  to  the  capacity  of  natural  ventilation,  of  a  Kearny  pump,  or  of 
one  or  more  PVKs  as  a  function  of  zonal  ventilation  requirement  and  story 
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COMPLEX  CONFIGURATION 

Figure  111-5.  Six  Basic  Shelter  Configurations 
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TABLE  III-l.  ESTIMATED  DISTRIBUTION  OF  NSS  SHELTER  STORIES  REQUIRING 
VENTILATION  ACCORDING  TO  SHELTER  CONFIGURATION 


Estimated  Percent 

Shelter  Configratlon  Category 

of  Total  Stories 

1. 

Basic  single  room 

a.  Single  room 

0.2517 

b.  Sigle  room  and  1  much  smaller  room 

0.0699 

c.  Winding  corridor 

0.0070 

2. 

Large  area  with  small  adjoining  rooms 

0.1469 

3. 

Partitioned  Into  rooms  of  comparable  size 

a .  Two  rooms 

0.0629 

b.  Three  rooms 

0.1469 

c.  Four  room 

0.0070 

d.  More  than  four  rooms 

0.0280 

4. 

Corridor  with  rooms  off  corridor 

0.0909 

5. 

Corridor  (with  rooms  off  It)  joining  2  large  areas 

0.1329 

6. 

Complex  configuration  with  large  number  of  rooms 
that  form  combinations  of  the  preceeding  categories 

0.0559 

TOTAL 

1.0000 
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location.  Alsoc  columns  have  been  added  showing  the  number  of  PVKs  required 
and  the  exterior  aperture  area  required. 

Tables  III-2  through  III-22  are  iiiie  modified  tables  ^resen^  ~ig  the 
numbers  of  ventilation  kits  required  to  supply  and  distribute  air  to  a  shelter 
story  as  a  function  of  zonal  ventilation  requirement,  shelter  story  location, 
story  size,  and  the  shelter  configurations  shown  In  Table  III-l.  Within  each 
zonal  ventilation  requirement  are  three  sets  of  tables— one  for  belowground 
shelter  stories  and  two  ("best  case"  and  "worst  case")  for  aboveground  shelter 
stories.  Under  the  "best  case"  assumption,  wind-driven  ventilation  could 
deliver  8,692  cfm  to  any  aboveground  story.  No  aboveground  story  could  be 
adequately  ventilated  by  wind-driven  ventilation  under  the  "worst  case" 
scenario.  It  was  assumed  that  no  belowground  stories  could  be  naturally 
ventilated. 

The  following  general  guidelines  were  adhered  to  for  all  room 
configurations  and  zonal  ventilation  requirements: 

•  Only  a  shelter  story  requiring  one  Kearny  pump  to  supply  air  can  be 
ventilated  by  Kearny  pumps  alone. 

•  One  Kearny  pump  will  deliver  3,000  cfm  to  a  shelter  story  with 
sufficient  aperture  availability. 

•  One  PVK  will  deliver  4,000  cfm  to  an  aboveground  shelter  story  with 
sufficient  aperture  availability  (this  assumes  a  duct  length  of 
approximately  10  to  20  feet). 

•  One  PVK  will  deliver  3,000  cfm  to  a  belowground  shelter  story  with 
sufficient  apertu»-e  availability  (this  assumes  a  straight  duct 
length  of  50  feet  plus  two  45"  bends  and  one  90"  bend). 

•  One  Kearny  pump  per  2,000  square  feet  of  unpartitioned  area  Is 
needed  to  distribute  air  in  a  first-floor  story  (this  assumes  widely 
separated  apertures  of  adequate  size  are  or  can  be  made  available). 

‘  One  Kearny  pump  per  1,000  square  feet  of  unpartitioned  area  Is 
needed  to  distribute  air  In  a  basement  story. 

•  Basement  rooms  off  large  areas  or  corridors  are  cead-end  rooms. 
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Table  in-2.  The  nunber  of  ventilation  kits  required  to  supply  and  distribute  air  to  a  belowground 


Table  III-3.  The  nuaber  of  ventilation  kits  required  to  supply  and  distribute  air  to  an  aboveground 
shelter  story  (best  case)  requiring  5  CFH  per  occupant,  as  •  function 
of  story  sl2e  and  configuration 
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Table  I!I-7.  The  niai>er  of  ventilation  kits  required  to  supply  and  distribute  air  to  an  aboveground 
shelter  story  (worst  case)  requiring  8  CFN  per  occupant,  as  a  function 

of  story  size  and  configuration 


Table  III-8.  Tiie  ni«ber  of  ventllatfon  kits  re<|u1red  to  supply  and  distribute  air  to  a  below^rourid 
shelter  story  requiring  10  CFM  per  occupant,  as  a  function  of  story  size  and  configuration 
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gc  size  of  shelter  stories  In  last  Size  Category. 


Table  III-ll.  The  number  of  ventilation  kits  required  to  supply  and  distribute  air  to  a  belowground 
shelter  story  requiring  15  CFM  per  occupant,  as  a  function  of  story  size  and  configuration 
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Table  III-12.  The  nuMber  of  ventilation  kits  required  to  supply  and  distribute  air  to  an  aboveground 
shelter  story  (best  case)  requiring  15  CFM  per  occupant,  as  a  function 

of  stcry  size  and  configuration 
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tCalculated  from  nuMber  of  PVKs  required. 


Table  III-14.  The  number  of  ventilation  kits  required  to  supply  and  distribute  air  to  a  belowground 


Table  1 11-15.  The  nu«ber  of  ventilation  kits  required  to  supply  and  distribute  air  to  an  aboveground 
shelter  story  (best  case)  requiring  20  CFM  per  occupant,  as  a  function 

of  story  size  and  configuration 


Table  III-16.  The  nunber  of  ventilation  kits  required  to  supply  ana  distribute  air  to  an  aboveground 
shelter  story  (worst  case}  requiring  20  CFH  per  occupant,  as  a  function 


O 

41  *0  kA  JO  ^  CM  O  40  ^  ^  CVJ 

fc»k4l  *••••••••• 


«A  L. 

>5  o<-4CM<n«>A«or^eo0^« 

a.  (T 


VO  xN  a  o  o  o  o  o  e  o  e  o 


lA  >-40000000000 


X4  o  o  o  o  o  o  o  o  o  o 


c  o 

4^  ^  S 

19  I.  C. 

U  >>-3 

3  3  OI 

o»  a  ^ 

■>-  «t  l». 

<*-  c  C  o 

e  art 

8 

T,  I? 

c  cS.  o 

<9  A 

>,i/>  W 
<U  e 

N  fc.  i. 

-f  <«  W 

VI  9» 

^  — 

>(  « 


xHOOOOOOOOOO 


<^0000000000 


•■XOOOOOOOOOO 


>-<0000000000 


^oooooooooo 


U  xxOOOOOOOOOO 


xt  1-40000000000 


-40000000000 


S)  «l  9  Q  O  O 

®  4-»  _ _ ^_20ooo 

_  O  O  O  O  O  <M  «  <C  OD 
OOOOOw  •  m  m  m  ^ 
0,2  tn  CM  ^  so  00  •  ^  w-4  v-^  e-4 

t  ^  ^  ^ 

OVAOOOv-^OOOO  « 
«-NCM^«COOCM^^»H 
^  O  CO  «k  «k  •  « 

<4 

O. 

l/t 


»  & 
•;;;  t 

S.  J 


w  w 

s  I 


IIT-pfl 


Table  111-17.  The  nunber  of  ventilation  kits  required  to  supply  and  distribute  air  to  a  be1o««ground 
shelter  story  requiring  25  CFM  per  occupant,  as  a  function  of  story  size  and  configuration 


Table  1 1 1-18.  The  nuaber  of  ventllati  kits  required  to  sup^.y  and  distribute  air  to  an  aboveground 
shelter  story  (best  case)  requiring  25  CFM  per  occupant,  as  a  function 


Table  III-19.  The  nuaber  of  ventilation  kits  required  to  supply  and  distribute  air  to  an  abovepround 
shelter  story  (worst  case)  requiring  2S  CFN  per  occupant,  as  a  function 

of  story  size  and  configuration 
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Table  III-20.  The  niaber  of  ve.  ilatlon  kits  re<4u1red  to  supply  and  distribute  air  to  a  be1o««ground 
shelter  story  requiring  30  CFM  per  cccupant.  as  a  function  of  story  size  and  configuration 
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tCalculated  froA  nuaber  of  PVKs  required. 


Table  1 1 1-22.  The  nwber  of  ventllatfon  kiti  required  to  supply  and  distribute  air  to  an  aboveground 
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One  Keerny  pump  or  PVK  ventlletes  «t  most  two  adjacent  dead-end 
rooms  (an  aperture  can  be  made  In  the  Mall  betMeen  them). 

*  A  PVK  can  be  placed  to  distribute  air  (Instead  of  a  Kearny  punp)  as 
well  as  to  exhaust  stale  air,  reducing  the  requirement  for  Kearny 
pumps  In  shelters  needing  several  PVKs. 

The  following  assumptions  pertaining  to  specific  room  configurations  were 


made: 

•  The  small  room  In  Configuration  Ib  consists  of  25  percent  of  the 
area  of  the  large  room. 

•  The  large  area  In  Configuration  2  consists  of  50  percent  of  the 
total  area  of  the  story. 

•  The  remaining  50  percent  of  Configuration  2  Is  partitioned  as 

follows:  100  soaces,  3  rooms;  200  to  300  spaces,  4  rooms;  400  to 

500  spaces,  5  rooms;  600  to  700  spaces.  6  rooms;  800  to  900  spaces, 

7  rooms;  1,000  to  1,100  spaces,  8  rooms;  1,200  to  1,300  spaces,  9 
rooms;  1,400  to  1,500  spaces,  10  rooms;  1,600  spaces,  11  rooms;  and 
3,000  spaces,  18  rooms. 

•  Configuration  3d  Is  partitioned  as  follows:  100  to  500  spaces,  5 

rooms;  600  to  700  spaces,  6  rooms;  800  to  900  spaces,  7  rooms;  1,000 

to  1,100  spaces,  8  rooms;  1,200  to  1,300  spaces,  9  rooms;  1,400  to 
1,500  spaces,  Id  rooms;  1,600  spaces,  11  rooms;  and  3,000  spaces,  18 
roof.^' , 

•  The  hall  In  Configuration  4  contains  20  percent  of  the  area  of  the 
story,  and  the  remainder  of  the  story  Is  divided  Into  rooms  In  the 
same  mannr.r  as  In  Configuration  2. 

•  The  large  areas  In  Ccnflguratlon  5  contain  50  percent  of  the  area  of 
the  story,  and  the  remainder  of  the  story  Is  divided  Into  rooms  In 
the  sar,<  manner  as  In  Configuration  2. 

•  Configuration  6  consists  of  10  percent  corridor,  20  percent  large 
area,  and  70  percent  partitioned  i..to  rooms  cf  comparable  size  as 
follows:  100  spaces,  2  rooms,  20r  spaces,  3  rooms;  300  spaces,  ^ 
rooms;  400  spaces,  5  rooms;  500  spaces,  6  rooms,  etc.,  up  to  3,000 
spaces,  31  rooms. 

The  "Exterior  Aperture  Area  Required"  column  In  Tables  III-2  through 
III-22  reveals  on  Interesting  paradox.  Shelter  stories  with  limited  aperture 
area  (e.g.,  belowground  stories)  require  greater  equivalent  duct  lengths  than 
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shelter  stories  with  adequate  aperture  area  to  aid  In  distributing  fresh  air. 
The  greater  equivalent  duct  lengths  lower  the  capacity  of  the  PVK,  which  In 
some  cases  results  In  more  PVKs  being  required,  leading  to  a  greater  exterior 
aperture  requirement.  It  may  not  be  possible  to  use  some  shelter  stories  to 
their  fullest  cap.:c1ty  because  of  a  lack  of  exterior  aperture  area  or  because 
of  exterior  aperture  configuration.  Similarly,  a  factor  to  consider  In 
fallout  upgrading  Is  the  provision  ot  sufficient  Inlet  and  outlet  apertures. 
It  Is  conceivable  that  the  capacity  of  shelter  stories  requiring  a  great  deal 
of  fallout  upgrading  could  be  limited  because  of  Insufficient  exterior 
aperture  area. 


IV.  COUNTERFORCE  RISK  AND  HOST  AREA  VENTILATION  KIT  REQUIREMENTS 


Counterfopce  risk-  and  host-area  ventilation  kit  requirements  are  a 
function  of  the  counterforce  area  characteristics  (the  populations  to  be 
sheltered  and  the  county  zonal  ventilation  requirements)  and  the  ventilating 
characteristics  of  the  available  risk-  and  host-area  shelter  facilities.  The 
following  subsections  Include  a  description  of  the  counterforce  risk-  and 
host-area  characteristics,  the  methodology  followed  in  determining  shelter 
availability  and  ventilating  characteristics,  and  the  calculation  of 
ventilation  kit  requirements. 

A.  Counterforce  Area  Characteristics 

Table  IV-1  presents  counterforce  risk-  and  host-area  characteristics. 
Counterforce  Installatior.j  were  drawn  from  the  Category  I  risk  areas  listed  in 
the  unclassified  TR-82  High  Risk  Areas  [13],  which  the  Federal  Emergency 
Management  Agency  (FEMA)  revised  in  the  spring  of  1981  to  include  13 
additional  target  installations  and  to  delete  6.  Table  IV-2  shows  these 
revisions.  Military  personnel  figures  in  Table  IV-1  came  from  the  Department 
of  Defense  [14]  and  do  not  include  the  counterforce  civilian  risk  population. 
County  zonal  ventilation  requirements  (ZVRs)  wc''e  obtained  from  the  PVK  Survey 
Instructions  [15].  Counties  with  counterforce  risk  populations  listed  in 
Table  IV-1  were  identified  by  plotting  critical  overpressure  boundaries  (2  psi 
or  greater)  on  topographic  maps  as  described  below.  The  Rapid  Enhancement 
Plan  A,  1980  Conglomerate  Listing  was  the  source  of  conglomerate  host 
counties,  hosting  ratios  (note  that  many  counties  contain  both  risk  and  host 
areas),  and  the  conglomerate  1980  risk  population  estimates.  The  Conglomerate 
Listing  contains  data  for  all  high-risk  areas  in  the  United  States,  including 
counterforce  military  installations,  other  military  installations,  basic 
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*ZVR  •  Zor.'l  Ventilation  Requiremnt 
Source;  See  note  at  end  of  tabic. 
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*ZVR  •  Zonel  Ventilation  Rcquirownt 
Source:  Sec  note  at  end  of  table. 
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*ZVR  •  Zonal  Ventilation  RequIrcMi 
Source:  See  note  at  end  of  table. 
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^ZVR  <  Zonal  Ventilation  Requlrcaent 
Source:  See  note  at  end  of  table. 
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*ZVR  •  Zonal  Ventilation  Re<|u1rea 
Source:  See  note  at  end  of  table 


TABLE  IV-1.  COUNTERFORCE  RISK  AND  mST  AREA  CHARACTERISTICS  (Continued) 


*ZVR  •  Zonal  Ventilation  Requlreaent 
Source:  See  note  at  end  of  table. 
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*ZV>  •  Zonal  Ventilation  Re^lroM 
Source:  Sec  note  at  end  of  tabic 


Sheppard  AFB  TX  Wichita  106,956  117.623  9,6M  8.063 

Archer  2.94 

Clay  1.54 

W11bar9er  4.87 

OK  Jefferson  2.42 


IV-9 


HiUtary  Personnel 


****eiek****«* 

WOfO«-i4rO«9P<M«^(MM 


»>«e-«r<'^Of*»>»*«fnin^«#r»«>Me>««>i«e-etA<*««-*lrf^*^ 

<Mrslf-4^40c^«<^<^4^a^4«-•f^<fs«<slrgr«4^4fM^lirw 


o  9^  m  e  fn  u)  ^  tA  «e  <a  csj 

^  (sj  ^  «A  ^  r«  a><v  €4  <M 

- - - “  -  O  9^  ^  9»  ^O 


9»««0««Qa9fM«n«O9«^9» 


«o  o  m  ^  «n  «o  o  r?  ^  m  A  9t  o  o^ 

^  ^  csj  «r  ^  fsi 

^  *o 


l.i  1 


9) 

J5  is 


>s 

z  i 


IV-10 


*ZVR  •  Zonal  Ventilation  Requl raaent . 
Source;  See  note  at  end  of  table. 
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*ZVR  •  Zon«1  Ventilation  Requireaent 
Source:  See  note  at  end  of  table. 
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Source:  See  note  it  end  of  table 
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*2VR  •  ZomI  VtntllAtton  Requlreaent. 
Source:  See  'lote  At  end  of  teblc. 
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Source:  See  note  at  end  of  table. 
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See  note  at  end  of  table. 


TABLE  IV-2.  REVISIONS  TO  THE  TR-82  COUNTERFORCE  LIST 


State 


Deletions 
Fad  lit 


Additions 

Fad  lit 


Kansas 

Shilling  AFB 

Cal Ifornla 

Mare  Island  NF 

Louisiana 

Fort  Polk 

California 

Mather  AFB 

Michigan 

Kenslow  AFB 

California 

San  Diego  NF 

Montana 

Glasgo  AFB 

Colorado 

Buckley  ANGB 

New  Mexico 

Roswell  AFB 

Colorado 

Peterson  AFB 

Texas 

Amarillo  AFB 

Connecticut 

Groton  NF 

Florida 

Eglin  AFB 

Nebraska 

Offutt  AFB 

Nevada 

Nellis  AFB 

New  Jersey 

McQuIre  AFB 

New  Mexico 

Kirtland  AFB 

Oklahoma 

Tinker  AFB  » 

Virginia 

Norfolk  NF 

Industries,  and  population  concentrations  of  50,000  or  greater.  Table  IV-3  Is 
an  example  page  from  the  Conglomerate  Listing. 

Since  many  of  the  counterforce  Installations  are  within  conglomerates 
defined  by  population  concentrations,  the  risk  population  1n  the  Conglomerate 
Listing  could  not  be  used  to  represent  the  counterforce  civilian  risk 
population.  Therefore,  a  procedure  was  developed  to  Identify  the  counterforce 
risk  areas  and  associated  civilian  risk  populations.  The  procedure  Involved 
the  use  of  an  unclassified  attack  scenario  developed  by  FEMA  [16]  to  Identify 
geographic  areas  subject  to  blast  overpressures  of  2  psi  or  greater.  Census 
data  were  then  used  to  estimate  civilian  risk  populations  within  these 
geographic  areas. 

Military  Installations  identified  as  counterforce  targets  are  associated 
with  U.S.  strategic  nuclear  forces.  Under  the  unclassified  attack  scenario, 
counterforce  targets  are  assigned  A1  and  B1  codes,  signifying  the  first  two  of 
six  attack  waves  and  reflecting  the  highest  two  degrees  of  urgency.  A1 
attacks  are  primarily  targeted  for  ballistic  missile  fields,  and  B1  attacks 
are  targeted  for  airfields  and  submarine  bases.  Each  A1  attack  represents  a 
surface  burst  of  a  20-megaton  weapon,  and  each  B1  attack  represents  either  an 
air  or  surface  burst  of  one  1-megaton  weapon.  The  weapons  of  both  attacks  are 
assumed  to  have  a  fission  fraction  of  50  percent.  While  the  A1  weapon  yields 
are  recorded  as  20  megatons,  each  actually  represents  twenty  1-megaton  weapons 
targeted  against  20  separate  missile  silos.  This  Is  the  case  for  the  126  A1 
attacks  contained  In  the  revised  list  of  counterforce  areas. 

Determining  the  geographic  areas  Impacted  by  specific  counterforce 
attacks  was  hampered  by  the  unavailability  of  specific  silo  coordinates.  To 
determine  these  areas,  the  20-weapon  clusters  of  the  A1  attacks  were 
disaggregated  Into  a  symmetric  grid  of  1-megaton  weapons  covering  a  circular 
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TABLE  lV-3.  EXAMPLE  PAGE  FROM  1980  CONGLOMERATE  LISTING 


Oakland  Conglomerate  (Travis  AFB  and  Mare  Island  NF  Counterforce  Areas) 


Risk  County* 

1980  Pop. 

Risk  Pop. 

Host  County* 

A1 1  oc . 

Alloc/Host 

A1 ameda 

1,107,204 

904,585 

A1  ameda 

478,890 

2.36 

Solano 

201,408 

114,802 

Solano 

206,364 

2.38 

l°i®_ 

111,215 

53,939 

Yo2p_ 

172,945 

3.02 

Contra  Costa 

615,236 

586,318 

Colusa 

33,415 

2.58 

Glenn 

LI, 246 

2.52 

Shasta 

229,439 

2.27 

Contra  Costa 

73,366 

2.54 

Tehama 

82,050 

2.35 

TOTAL 

1,659,644 

X  0.8 

l',J27,71B 

1,327,715 

Sacramento  Conglomerate  (Mather  AFB  and  Beale  AFB 

Counterforce  Areas) 

Risk  County* 

1980  Pop. 

Risk  Pop. 

Host  County* 

A1  loc. 

Alloc/Host 

Placer 

106,129 

38,206 

Placer 

92,838 

1.37 

Yuba 

45,165 

14,001 

Yuba 

38,336 

1.23 

Sacramento 

743,135 

713,409 

Sacramento 

40,900 

1.38 

El  Dorado 

108,579 

1.36 

A1 pine 

2,388 

1.82 

^e^ada_ 

61,400 

1.40 

^1erra__ 

6,513 

2.28 

Sutter 

69,198 

1.37 

^UU£  _ 

192,340 

1.37 

TOTAL 

765,616 

X  0.8 

7177797 

612,492 

_ Indicates  that  the  survey  was  completed  before  1980  (all-effects 

survey  In  risk  counties;  host  area  survey  in  host  counties, 
indicates  that  survey  was  planned  for  1980. 


land  area  approximately  30  miles  In  diameter.  The  coordinates  thus  generated 
were  recorded  with  those  given  for  B1  attack  centroids  In  a  counterforce 
weapons  file  assuming  each  simulated  silo  site  would  receive  a  surface  burst. 
All  B1  attacks  that  were  not  surface  bursts  were  automatically  calculated  for 
a  scaled  height  of  2,290  meters  (7,400  feet*  "ilch  optimizes  for  10  psi 
overpressure  for  a  1-megaton  yield. 

After  two  computerized  attempts  to  extract  at-risk  population  figures 
from  existing  2-m1nute  grid  files  such  as  LYDAY*75  SEQ6RID,  It  was  decided  to 
use  a  manual  tabulation  method  based  on  more  recent  1980  Census  figures, 
because  the  2-m1nute  cells  for  which  data  were  missing  were  so  numerous.  The 
manual  tabulation  was  performed  In  three  steps.  The  first  was  to  photocopy 
the  portions  of  all  U.S.  Geological  Survey  (USGS)  2-degree  topographic  maps 
(1:250,000  scale)  containing  a  counterforce  site.  Using  the  centroid 
coordinates  of  each  counterforce  weapon  Identified  In  the  counterforce  weapons 
file,  a  circle  was  Inscribed  to  represent  the  critical  overpressure  (2  psi) 
boundary  of  a  1-megaton  weapon  at  a  height  of  burst  (HOB),  of  zero  (ground 
burst),  or  of  2,290  meters  (7,400  feet),  which  optimizes  a  1-megaton  yield  for 
10  psi.  The  radii  for  the  2-ps1  boundary  for  the  ground  and  2,290-meter  HOBs 
were  4.85  and  8.25  miles,  respectively.  Thus,  the  circles  plotted  on  the 
topographic  maps  were  9.7  and  16.5  scaled  statute  miles  In  diameter.  'This  was 
done  for  all  65  counterforce  military  Installations.  The  16.5-m11e  critical 
overpressure  circles  were  used  to  obtain  at-risk  populations  associated  with 
all  nonmissile  military  Installations. 

The  second  step  was  tu  reproduce  the  2'PSl  overpressure  circles  on  all 
the  appropriate  state  maps  In  TR-82  [13]  and  to  note  each  Impacted  Census 
County  Division  (CCD).  The  circles  were  accurately  positioned  by  cross 
checking  them  against  USGS  topographic  maps.  CCDs  were  accurately  Identified 
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by  cross  checking  them  with  Minor  Civil  Division  (MCD)  maps  contained  In  the 
U.S.  Township  Atlas  [17].  The  CCDs  and  MCDs  Impacted  by  the  nine  missile 
f1el<<c  i^sre  taken  to  be  those  covered  In  whole  or  In  part  by  red 
( jlast-at-rlsk)  shading  on  the  appropriate  TR-82  maps.  Where  possible,  these 
divisions  were  cross  checked  with  census  county  listings. 

The  third  step  was  to  record  the  actual  1980  population  figures  found  In 
the  Advance  Reports  of  the  1980  Census  of  Populations  and  Housing  [18]  for 
each  CCD  or  MCD  noted  In  Step  2.  For  each  figure  a  weight  was  recorded  in 
Increments  of  10  percent  to  Indicate  what  proportion  of  an  MCD  was  actually  at 
risk  from  blast  overpressure  of  2  psi  or  greater.  This  risk  was  subjectively 
determined  using  visual  Judgment  based  on  the  location  of  major  population 
centers  and  population  density.  As  an  example,  a  rural  CCD  or  MCD  In  the 
Dakota  missile  fields  might  have  half  Its  la:id  area  at  risk  due  to  blast,  but 
the  major  portion  of  Its  population  might  be  located  In  a  small  city  located 
far  from  the  risk  area.  In  this  situation  the  CCD  or  MCD  would  receive  a 
weight  of  10  to  calculate  an  actual  population  at  risk  figure.  Conversely,  an 
urban  CCD  or  MCD  might  have  only  one-third  Its  land  area  at  risk,  yet  have  the 
majority  of  Its  population  concentrated  In  that  risk  area.  This  CCD  or  MCD 
would  receive  a  90  to  100  percent  weight.  The  weighted  population  values  for 
all  at-risk  Intracounty  MCDs  and  CCDs  were  summed  to  obtain  the  net  risk 
populations  for  each  county. 

B.  Shelter  Availability  and  Ventilating  Characteristics 

The  most  comprehensive  sources  of  nationwide  data  concerning  shelter 
story  availability  and  ventilating  characteristics  are  the  National  Shelter 
Survey  (NSS),  conducted  In  both  risk  and  host  areas,  and  the  Crisis  Relocation 
Planning  (CRP)  Host  Areas  Facility  Survey,  conducted  only  In  host  areas.  Both 
surveys  are  periodically  updated,  and  current  data  from  them  are  combined  Into 
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the  NSS-CRP  Master  FMe,  with  only  Minor  reforiMttlng  from  the  NSS-CRP  Data 
Input  Form  (OIF)  ri9]  and  *rlth  «n«e  cal  culatlcns  b«i3Sd  cti  DIF  deia. 
(Logically,  the  NSS-CRP  Master  File  Is  a  singular  entity,  but,  because  of  the 
large  number  of  records  Involved,  there  are  10  such  files,  one  for  each  FEMA 
region. ) 

A  computer  program  (the  availability  nrnnpM)  tys*  developed  to  extract 
shelter  availability  and  ventilating  characteristics  data  from  the  NSS-CRP 
Master  File  for  each  county  containing  counterforce  risk  and/or  host  areas. 
Total  numbers  of  NSS  and  CRP  shelter  stories  and  spaces  were  computed  and 
distributed  by  shelter  story  size  category  (defined  In  Tables  III-2  through 
III-22)  and  floor  location  (basement,  first  floor,  or  second  floor  and  above 
for  NSS  facilities  and  basement  or  first  floor  for  CRP  facilities). 

In  a  county  with  no  risk  areas  (I.e.,  no  risk  population),  the 
distributions  of  shelter  stories  and  spaces  can  be  used  directly  to  estimate 
ventilation  kit  requirements.  However,  a  county  with  counterforce  civilian 
risk  population  may  contain  near-risk  and  host  areas  as  well  as  risk  areas. 
(Near-risk  areas  are  those  Immediately  adjacent  to  risk  areas  and  are  subject 
to  massive  fallout,  but  not  to  blast  effects.  Residents  of  these  areas  are 
sheltered  In  place,  but  no  relocated  population  Is  allocated  to  be  hoisted. 
Double  stocking  of  ventilation  kits  Is  not  necessary  In  these  areas.) 
Therefore,  to  calculate  ventilation  kit  requirements  In  counties  with  risk 
areas.  It  Is  necessary  to  determine  the  NSS  facilities  are  actually  at  risk. 
Since  no  distinguishing  code  exists  on  the  NSS-CRP  Master  File,  several 
approaches  were  attempted. 

The  first  approach  was  to  use  locational  data  (latitudes  and  longitudes) 
on  the  NSS-CRP  Master  File  to  place  each  facility  Into  one  of  the  2-m1nute 
cells  on  the  Technique  for  Evaluation  of  National  Operating  Systems  (TENOS) 
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grid  file.  «fhere  the  blast  overpressure  vaK>e  recorded  for  the  cell  could  be 
used  to  determine  risk.  While  this  approach  seemed  stra1ghtforv*^’‘d.  It  Mas 
hampered  by  widespread  lack  of  shelter  facility  latitude-longitude  values  on 
the  NSS-CRH  Master  File.  In  addition.  TFNOS  grid  file  blast  overpressure 
values  did  not  reflect  risk  areas  shown  In  TR-82  [13]  for  a  generalized 
attack.  Specifically,  high  blast  overpressure  values  were  too  sparse  and  too 
restricted  to  a  few  general  locations  to  reflect  a  national  counterforce 
attack.  Constructing  a  new  TENDS  grid  file  to  reflect  such  an  attack  might 
have  been  feasible,  but  the  missing  latitude-longitude  values  (by  FEHA  region, 
from  about  10  to  over  50  percent  of  the  NSS-CRP  records)  ruled  out  such  a 
procedure. 

In  addition,  because  the  May  1980  NSS  Instructions  [19]  maintain  that  the 
Direct  Effects  Data  Collection  Form  should  be  used  only  In  risk  areas, 
consideration  was  also  given  to  basing  NSS  facility  risk-area  location  on 
direct  effects  data.  It  was  felt  the  existence  of  a  relative  blast  protection 
code  could  be  used  to  Judge  whether  a  shelter  faclll-ty  were  located  In  a  risk 
area.  However,  examination  of  earlier  NSS  Instructions  Indicated  that  direct 
effects  data  collection  was  not  always  limited  to  risk  areas. 

The  approach  finally  chosen  was  tn  apportion  facilities  on  the  basis  of 
population.  This  approach  Is  based  upon  the  correlation  of  population 
distribution  and  such  shelter  facility  characteristics  as  number  and  size  of 
shelter  stories.  Some  preliminary  studies  bore  out  this  suspected 
correlation.  However,  time  and  funds  did  not  permit  a  thorough  statistical 
analysis  to  support  the  hypothesis  nor  development  of  an  appropriate  error 
term  to  show  potential  correlation  Inaccuracies. 

The  risk  population  contained  In  the  Rapid  Enhancement  Plan  A.  1980 
Conglomerate  Listing,  was  used  to  apportion  risk  county  NSS  facilities.  For 

IV-24 


K 


j4  ^  K 


pwpu  I  M  «•  I  wil  I 


V  t 


»•  W  A  1  ^  M  ■» 

ailC  I  vet 


^  M  4  ^ 

9WVI ICA 


SaCh 


size  category  and  floor  location  Mas  multiplied  by  the  percentage  of  total 
county  population  at  risk  to  estimate  the  number  of  shelter  stories  at  risk. 
Each  number  of  shelter  stories  computed  In  this  manner  was  then  multiplied  by 
the  average  number  of  spaces  In  Its  size  category  and  floor  location  to  obtain 
an  estimate  of  the  total  number  cf  shelter  spaces.  Indexed  by  size  category 
and  floor  location.  The  remaining  NSS  shelter  stories  enn  spaces  In  each  size 
category  and  floor  location  were  assimied  not  to  be  at  risk;  I.e.,  double 
stocking  of  ventilation  kits  was  assumed  not  to  be  needed. 

While  no  statistics  were  kept  on  how  often  specific  problems  occurred  In 
the  NSS/CRP  Master  File,  some  appeared  repeatedly  In  test  runs.  To  handle 
special  cases  caused  by  these  possible  anomalies,  the  following  assumptions 
were  made  In  extracting  CRP  shelter  availability  and  ventilating 
characteristics  data  on  a  facllity-by-faclllty  basis: 

•  Without  the  appropriate  code,  no  facility  was  considered  a  special 
facility  (special  facilities  were  not  Included  In  the  CRP  or  NSS 
total s). 

•  No  facility  without  a  basement  code  was  considered  to  have  a 
basement,  unless  basement  upgradable  spaces  were  recorded. 

•  No  facility  without  an  upgradabll Ity  code  was  considered  to  be 
upgradable,  unless  upgradable  spaces  were  recorded. 

•  A  facility  was  considered  to  have  82  percent  of  the  floor  area 
usable  (based  on  the  average  for  a  few  typical  counties)  If  no 
usable  percentage  of  the  floor  area  was  recorded. 

•  A  facility  with  no  PF  Categories  2  and  up  spaces  recorded  was  not 
considered  to  have  any  spaces  In  these  categories. 


If  the  basement  upgradabll Ity  code  Indicated  that  the  basement  was 
upgradable,  but  no  basement  upgradable  spaces  were  recorded,  the 
number  of  basement  spaces  was  cons'! dered  to  be  the  greater  of  (1) 
the  number  of  basement  PF  Categories  2  and  up  spaces  and  (2)  the 
computed  number  of  basement  upgradable  spaces  (usable  basement  floor 
area  divided  by  10  square  feet  per  space). 
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•  If  the  total  number  of  upgradable  spaces  was  not  recorded  or  was 
less  thari  the  number  of  upgrauab'e  basment  spaces,  but  the 
upgradabi 1 Ity  code  Indicated  that  the  first  floor  was  upgradable,  a 
comparison  corresponding  to  that  above  for  basement  upgradable 
spaces  was  made  to  obtain  first-floor  upgradable  spaces. 

NSS  facilities  may  have  shelter  spaces  on  the  second  floor  and  above. 

The  number  of  spaces  for  all  of  these  floors  1n  each  PF  Category  is  only 
recorded  as  a  sum.  In  order  to  estimate  the  number  of  shelter  stories 
represented  by  the  facility  and  the  size  category  of  each  upper  story,  the 
following  assumptions  were  made: 

•  Each  floor  had  the  same  number  of  spaces. 

•  If  the  number  of  stories  was  not  recorded  or  was  less  than  two,  but 
shelter  spaces  were  Indicated  for  floors  two  and  above,  the  number 
of  stories  and  spaces  per  story  were  computed  from  the  ratio  of 
total  shelter  spaces  on  floors  two  and  above  to  shelter  spaces  on 
the  first  floor. 

•  If  no  shelter  spaces  were  recorded  for  the  first  floor,  or  the 
number  of  spaces  was  limited  by  a  lack  of  apertures,  the  computation 
of  number  of  stories  and  spaces  per  story  was  based  on  first  floor 
blast  spaces. 

The  availability  program  was  run  separately  for  each  of  the  10  FEMA 
regions,  since  the  NSS-CRP  Master  Is  recorded  in  this  manner.  A  preliminary 
program  was  executed  to  select  the  appropriate  counties  in  each  region  from  a 
set  of  control  cards  representing  the  counterforce  conglomerates,  which 
contained  the  counterforce  risk  populations  derived  as  described  earlier.  The 
selected  counties  vyei  sorted  to  match  the  order  of  the  NSS-CRP  Master  File. 
Counties  containing  both  risk  and  host  areas  were  combined  into  one  record. 
Each  run  of  the  availability  program  produced  a  summary  file  containing  all  of 
the  shelter  availability  and  ventilating  characteristics  Information  (with  the 
exception  of  floor  configuration)  required  to  calculate  ventilation  device 
requirements  for  the  given  FEMA  region.  Table  IV-4  is  an  example  of  the 
summary  created  by  the  availability  program.  The  data  are  from  Boone  County, 
Arkansas  (FIPS  code  0605009),  which  is  a  host  county  for  the  Little  Rock  AFB 
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table 

IV-4.  SHELTER 

STORY  AND 

SPACES  DISTRIBUTION  FOR 

FIPS  0605009' 

Size 

“Type 

Basement 

Floor 

1 

FI  00  r 

2+ 

Tak 

Stories 

Spaces 

Stories 

Spaces 

Stories 

Spaces 

1 

NSS 

8 

387 

1 

101 

5 

525 

CRP 

21 

1,437 

393 

44,561 

2 

NSS 

1 

350 

2 

465 

CRP 

6 

1,484 

70 

16,292 

3 

NSS 

3 

1,422 

3 

1,298 

2 

780 

CRP 

103 

37,505 

4 

NSS 

1 

625 

2 

1,371 

CRP 

43 

28,158 

5 

NSS 

1 

850 

CRP 

16 

14,405 

6 

NSS 

1 

1,238 

CRP 

9 

10,809 

7 

NSS 

1 

1,335 

CRP 

6 

8,602 

8 

CRP 

4 

7,057 

9 

NSS 

1 

1,724 

CRP 

12 

42,122 

10 

NSS 

1 

3,387 

*FIPS  Code  0605009  represents  Boone  County,  Arkansas,  which  Is  a  host  county 
for  the  Little  Rock  AFB  counterforce  area. 


tThe  basement  size  categories  correspond  to  those  In  Table  III-ll,  and  the 
aboveground  size  categories  correspond  to  those  In  Table  II 1-13. 


counterforce  area.  The  county  has  a  zonal  ventilation  requirement  of  15,  and 
the  data  were  summarized  In  accordance  with  the  "worst  case"  scenario. 
Therefore,  the  basement  size  categories  correspond  to  those  In  Table  III-ll, 
and  the  aboveground  size  categories  correspond  to  those  In  Table  II 1-13. 

C.  Ventilation  Kit  Requirements 

A  computer  program  (the  requirements  program)  was  devtlooed  to  calculate 
counterforce  risk-  and  host-area  ventilation  equipment  requirements  by  county, 
counterforce  area,  and  FEMA  Region  as  a  function  of  the  ventilating 
characteristics  of  the  available  shelter  stories.  As  discussed  In  Chapter 
III,  the  requirement  for  ventilation  kits  Is  a  function  of  shelter  story  size, 
aperture  configuration  and  size  (a  function  of  shelter  story  location),  the 
zonal  ventilation  requirement  for  the  county  In  which  the  shelter  is  located, 
and  room  configuration.  Tables  III-2  through  III-22  present  ventilation  kit 
requirements  as  a  function  of  these  factors.  After  the  availability  program 
was  used  to  extract  counterforce  risk-  and  host-county  shelter  story  size  and 
location  data  from  '.he  NSS-CRP  Master  File,  data  related  to  all  of  these 
factors  but  room  configuration  were  available. 

The  Master  File  contains  no  data  characterizing  shelter  facility  room 
configurations.  Therefore,  a  statistical  sample  of  the  NSS  files  derived  in 
an  earlier  RTI  study  [11]  was  used  to  generate  distributions  of  shelter  story 
room  configurations ,  characterized  by  story  size,  story  location,  and  zonal 
ventilation  requirement.  (Table  III-l  contains  the  estimated  distribution  of 
NSS  shelter  stories  characterized  by  configuration  as  derived  from  this 
sample.)  Where  data  did  not  exist  in  the  sample  to  this  level  of 
characterization,  the  distribution  based  on  the  entire  sample  was  substituted. 
Data  on  CRP  facility  room  configurations  are  not  collected;  however,  it  was 
assumed  that  CRP  facilities  follow  the  same  room  configuration  distributions 
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as  NSS  facilities.  For  a  given  county,  the  factors  in  the  appropriate 
distribution  were  multiplied  by  the  NSS  and  CRP  shelter  stories  and  spaces  for 
each  floof  location  and  shelter  story  size  category,  according  to  the  zonal 
ventilation  requirement  for  the  county,  to  further  distribute  the  totals  by 
room  configuration. 

Por  each  county,  the  next  step  after  estimating  the  shelter  stories  and 
Sf  iCes  distributions  by  floor  configuration  was  computing  the  nonrisk 
population  to  be  sheltered.  The  nonrisk  population  is  composed  of  the 
allocated  evacuees  from  the  risk  area  (minus  the  small  percentage  that  stay  in 
place  as  critical  work  force)  and  the  hosting  population.  In  this  step, 
allocated  evacuees  from  the  conglomerate  and  the  county  hosting  ratio  were 
used  to  calculate  the  nonrisk  population  associated  with  the  entire 
conglomerate. 

All  of  the  necessary  data  were  now  available  for  the  requirements  program 
to  calculate  host-  and  risk-area  ventilation  kit  requirements  The 
calculations  were  performed  at  the  county  level,  and  separate  procedures  were 
followed  for  host-  and  risk-areas  within  counties.  The  procedures  were 
different  because  minimizing  the  PVK  requirements  was  the  nighest  priority  for 
host  areas,  whereas  maximizing  blast  protection  ranked  above  this  criterion 
for  risk  areas. 

The  requi remenct,  program  was  run  twice  for  each  county,  once  to  calculate 
equipment  requirements  under  the  "worst  case"  scenario  and  the  second  for  the 
"best  case"  scenario.  For  each  scenario,  the  following  stages  were  followed 
throughout  the  process  of  choosing  host  area  shelter  stories  to  which 
population  should  be  allocated: 

•  Shelter  stories  requiring  no  ventilation  quipment  were  chosen 
first  ("best  case"  scenario*  only). 
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•  Shelter  stories  requiring  only  Kearny  pumps  Mere  chosen  before 
stories  requiring  PVKs. 

•  Shelter  stories  requiring  only  PVKs  (starting  with  stories  requiring 
the  smallest  number  of  PVKs)  Mere  chosen  before  stories  requiring 
both  PVKs  and  Kearny  pumps « 

•  The  last  shelter  stories  to  be  chosen  Mere  those  requiring  both  PVKs 
and  Kearny  pumps,  starting  Mith  stories  requiring  the  smallest 
number  of  PVKs. 

Within  a  stage,  NSS  shelter  stories  Mere  preferred  to  CRP  shelter  stories,  and 
first  floor  shelter  stories  took  priority  over  second  floor  and  up,  Mhich  took 
priority  over  basements. 

At  each  stage,  the  numbers  of  Kearny  pumps  and  PVKs  required  for  each 
shelter  story  in  a  given  zonal  ventilation  requirement,  floor  location,  size 
category,  and  floor  configuration  Mere  multiplied  by  the  number  of  host-area 
stories  In  this  classification.  These  ventilation  equipment  requirements  for 
the  allocated  host-area  shelter  stories  Mere  accumulated,  and  the  population 
remaining  to  be  sheltered  was  appropriately  decremented.  The  process  of 
sheltering  continued  for  the  nonrisk  population  until  it  was  completely 
sheltered  or  all  available  shelter  spaces  exhausted.  The  population  left 
after  all  host-area  shelter  stories  were  exhausted  indicated  the  number  of 
additional  spaces  needed.  The  shelter  stories  and  spaces  that  fall  into  each 
c1ass--ventilated  by  natural  ventilation,  by  Kearny  pump  only,  by  PVKs  only, 
or  by  a  combination  of  Kearny  pumps  and  PVKs— were  also  accumulated. 

Estimates  of  the  Kearny  pump  and  PVK  requirements  for  the  total  nonrisk 
population  in  the  county  were  available  at  this  point.  However,  not  all  the 
nonrisk  population  in  the  county  is  necessarily  related  to  a  counterforce 
attack,  and  only  the  devices  related  to  such  an  attack  are  relevant  to  the 
goals  of  the  present  contract.  Thus,  a  method  had  to  be  used  to  convert  the 
results  found  for  the  total  county  host-area  ventilation  equipment 
requirements  into  requirements  specifically  related  to  a  counterforce  attack. 


IV-30 


Along  with  the  assumed  direct  correlation  between  population  distribution  and 
shelter  story  characte>*1  sties,  the  total  conglomerate  counte;*force  risk 
population  was  assumed  to  be  allocated  uniformly  to  host  area;  I.e.,  the  ratio 
of  conglomerate  counterforce  to  total  risk  population  was  assumed  to  define 
the  distribution  of  counterforce  population  throughout  the  counties  with  host 
areas.  Following  these  assumptions,  the  total  county  host>area  ventilation 
device  requirements  were  multiplied  by  the  ratio  of  the  conglomerate 
counterforce  risk  population  to  the  total  risk  population  to  obtain  the  Kearny 
pumps  and  PVKs  required  for  the  nonrisk  population  for  the  county  In  a 
counterforce  attack  scenario.  The  shelter  stories  '^epresented  by  the  total 
ventilation  kit  requirements  (broken  down  Into  those  needing  natural 
ventilation  only,  Kearny  pumps  only,  PVKs  only,  or  both  Kearny  pumps  and 
PVKs),  and  the  shortage  of  spaces  required  "dr  the  nonrisk  population  were 
similarly  factored  by  this  population  ratio.  By  factoring  after  calculating 
ventilation  kit  requirements  on  the  basis  of  the  total  conglomerate  nonrisk 
population,  everyone  to  be  sheltered  in  a  particular  host  area  was  given  equal 
priority. 

The  risk  population  tha\,  would  remain  In  place  was  then  sheltered.  This 
population  Is  the  critical  work  force,  the  2.31  percent  of  the  total 
population  whose  work  Is  defined  to  be  crucial  In  the  risk  area  at  and  around 
the  time  of  attack  [20].  Also,  for  certain  populous  states,  namely 
California,  Connecticut,  Massachusetts,  and  Rhode  Island,  only  80  oercent  of 
the  total  risk  population,  as  found  In  each  conglomerate.  Is  to  be  evacuated; 
the  other  20  percent  becomes  part  of  the  risk  population  to  be  sheltered 
in-place  on  an  equal  priority  basis  with  the  critical  work  force. 

The  procedure  followed  for  risk  populations  was  similar  to  that  for 
non-risk  populations,  but  was  modified  somewhat  to  give  a  higher  priority  to 
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blast  protection  than  to  PVK  minimization.  Accordingly,  since  basement 
stories  give  better  protection  than  aboveground  stories,  a11  of  the  basement 
stories  were  allocated  before  any  located  aboveground.  The  Sc'me  stages  of 
shelter  story  utilization  were  followed  as  applied  for  host-area  sheltering. 
For  example.  In  the  “worst  case"  scenario,  basement  shelter  stories  requiring 
Kearny  pumps  only  were  allocated  first,  then  those  requiring  only  PVKs,  and 
finally  those  needing  both  Kearny  pumps  and  PVKs.  The  aboveground  shelter 
stories  were  next  processed  In  the  same  manner  for  the  first  floor  and  then 
for  the  second  floor  and  up.  For  the  risk  population,  only  NSS  shelter 
stories  were  considered  available  for  sheltering. 

Both  types  of  ventilation  devices  are  to  be  double-stocked  In  risk  areas 
because  of  their  vulnerability  to  blast  overpressures.  The  computed  number  of 
devices  of  each  type  required  for  each  category  of  shelter  story  Is  thus 
simply  doubled  before  being  accumulated  In  the  county  totals. 

As  was  the  case  with  the  county  host  area,  the  county  ris'  jrea  device 
requirements  had  to  be  factored  to  represent  requirements  for  the  proportion 
of  the  risk  population  that  specifically  relates  to  a  counterforce  attack. 

The  factor  used  here  was  the  ratio  of  the  county  counterforce  risk  population 
to  the  county  total  risk  population,  based  again  on  the  assumption  of  a  direct 
correlation  between  population  distribution  and  shelter  story  characteristics. 
Both  the  total  ventilation  device  requirements  and  shelter  stories  classified 
by  devices  needed  were  multiplied  by  this  factor  to  produce  results  that 
related  only  to  a  counterforce  attack. 

At  this  point,  ventilation  kit  requirements,  allocated  shelter  stories 
(classified  by  type  of  ventilation  kit  needed),  and  additional  spaces  needed 
were  known  as  separate  totals  for  the  counterforce  risk  and  associated  nonrisk 
populations.  To  obtain  a  basis  for  procuring  equipment  In  counties  In  which 
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the  all -effects  or  host-area  facility  surveys  have  not  been  completed  (many 
counties  needing  additional  spaces  fall  Into  this  category),  ratios  of  spaces 
per  PVK  and  Kearny  pump  were  computed  for  the  county  risk  and  host  areas.  The 
ventilation  kit  requirements,  allocated  shelter  stories,  and  additional  spaces 
needed  were  then  combined  to  create  a  county  summary.  After  all  of  the 
counties  associated  with  a  counterforce  area  mere  processed,  a  counterforce 
area  summary  was  produced.  Finally,  after  all  of  the  counterforce  areas  In  a 
FEMA  .legion  were  processed,  a  regional  summary  was  produced.  Table  IV-5  Is  a 
summary  of  ventilation  kit  requirements,  allocated  shelter  stories,  additional 
spaces  needed  and  host-aiea  and  risk-area  ratios  of  spaces  per  PVK  and  Kearny 
pump  by  FEMA  Region.  Appendix  A  contains  output  from  the  requirements  program 
at  the  county  level  generated  under  the  "best  case"  scenario.  Appendix  B 
contains  "worst  case"  scenario  requirements. 

Examination  of  Table  IV-5  reveals  some  apparent  discrepancies  In  the 
"best  case"  and  "worst  case"  data.  For  cuch  FEMA  region,  the  number  of 
shelter  stories  used  Is  less  in  the  "best  case"  than  In  the  "worst  case." 
However,  In  all  but  Region  8,  the  number  of  additional  host  area  spaces  needed 
Is  greater  In  the  "worst  case"  than  in  the  "best  case."  These  ostensible 
contradictions  are  the  result  of  the  computational  procedures  that  were 
followed  because  of  the  absence  of  shelter  story  configuration  data  for 
specific  shelter  stories. 

For  each  combination  of  shelter  story  location,  zonal  ventilation 
requirement,  size  category,  and  shelter  story  configuration,  on  average 
shelter  story  size  was  calculated.  This  average  shelter  story  size  was  used 
to  determine  the  number  of  spaces  represented  by  the  addition  of  each  shelter 
story  and  corresporidingly  to  decrement  the  number  of  additional  spaces  needed. 
In  the  "best  case"  scenario,  the  smallest  abovegrot^  size  category 
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corresponding  re<)u1renents,  etc.,  computed  under  'worst  case*  assumptions. 


(representing  shelter  stories  requiring  no  ventilation  devices)  Included  a 
wider  range  of  story  sizes  than  the  smallest  "worst  case"  aboveground  size 
category  (representing  shelter  stories  requiring  only  Kearny  pumps). 

Therefore,  In  most  cases  the  average  shelter  story  size  In  the  smallest 
aboveground  "best  case"  size  category  was  larger  than  the  average  shelter 
story  size  In  the  smallest  aboveground  "worst  case"  size  category. 
Consequently,  counties  containing  more  than  the  required  number  of  shelter 
spaces  often  used  fewer  shelter  stories  In  the  "best  case"  than  In  the  "worst 
case." 

The  consistently  greater  shortage  of  host  area  spaces  In  the  "worst  case" 
than  In  the  "best  case"  was  the  result  of  the  use  of  sample  data  to  distribute 
shelter  stories  by  shelter  story  configuration.  In  a  size  category  with  a 
small  number  of  shelter  stories,  factoring  to  distribute  by  shelter  story 
conflguritlon  sometimes  resulted  In  a  size  category/shelter  story 
configuration  combination  containing  less  than  one-half  of  a  shelter  story. 
When  this  occurred,  the  number  of  shelter  stories  was  rounded  to  zero,  and  the 
spaces  were  lost.  This  happened  more  often  in  the  "worst  case"  scenario  than 
in  the  "best  case"  scenario  because  of  the  larger  number  of  size  categories  In 
the  "worst  case." 


IV-35 


V.  CONCLUSIONS  AND  RECO^ftENDATIONS 


One  of  the  objectives  of  this  study  mbs  to  review  and  evaluate  concepts 
in  allocating  and  deploying  ventilation  equipment  to  risk-area  and  host-area 
shelter  facilities.  Two  types  of  manually  powered  ventilators,  the  package 
ventilation  kit  (PVK)  and  the  Kearny  pump,  have  been  developed  for  shelter 
application.  The  primary  function  of  the  PVK  is  to  supply  fresh  air  (exhaust 
stale  air)  to  a  shelter,  though  it  should  be  deployed  to  aid  in  air 
distribution.  The  Kearny  pump  can  be  used  to  supply  air  to  a  small  shelter 
story  (one  requiring  3,000  cubic  feet  per  minute  [cfm]  or  less  of  ventilation) 
but  is  considered  more  useful  for  distributing  air  in  large  open  areas  or  to 
rooms  without  exterior  apertures.  The  ventilation  kit  requirements  employed 
in  this  report  to  estimate  counterforce  area  equipment  requirements  are  based 
on  those  developed  in  an  earlier  Research  Triangle  Institute  (RTI)  study  [12], 
which  assumed  optimal  ventilation  kit  deployment.  PVK  requirements  are  a 
function  of  the  number  of  spaces  in  a  shelter  story  and  the  zonal  ventilation 
requirement  of  the  shelter  story  geographical  location.  Kearny  pump 
requirements  are  more  directly  related  to  the  room  and  aperture  configuration 
of  a  shelter  story.  Aperture  size  and  configuration  is  assumed  to  be  a 
function  of  story  location  (aboveground  or  belowground). 

To  achieve  a  seconc!  objective  of  this  research,  the  estimation  of  the 
numbers  of  ventilators  needed  to  supply  and  distribute  air  in  counterforce 
host-  and  risk-area  shelter  facilities,  it  was  necessary  to  develop  profiles 
of  counterforce  host-  and  risk-area  shelter  stories  in  terms  of  the  above 
ventilating  characteristics.  This  effort  was  hampered  somewhat  by  the  lack  of 
defintion  cf  many  counterforce  risk  and  host  areas,  coupled  with  the 
sketchiness  of  individual  shelter  locational  data  in  the  National  Shelter 
Survey-Crisis  Relocation  Planning  (NSS-CRP)  Master  File.  Many  counterforce 
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Installations  are  located  within  conglomerates.  Including  one  or  more  large 
metropolitan  areas.  Unless  the  exact  location  of  a  shelter  facility  Is 
available.  It  cannot  be  determined  whether  the  facility  Is  In  the  counterforce 
risk  area  Instead  of  tue  risk  area  associated  with  a  metropolitan  area.  In  a 
county  with  both  risk  and  host  areas,  an  NSS  facility  could  also  be  In  the 
host  area.  A  further  complication  In  the  Identification  of  counterforce 
shelter  facilities  was  the  fact  that  the  all -effects  and  CRP  host-area  surveys 
have  not  been  completed  In  several  counties  (no  shelter  facilities 
Identified),  and  very  few  counties  nave  approved  crisis  relocation  plans  (no 
specific  host  areas  associated  with  particular  risk  areas). 

Several  measures  were  taken  to  deal  with  the  above  problems.  In  counties 
with  counterforce  risk  areas,  it  was  assumed  that  NSS  shelter  facilities  would 
be  distributed  proportionately  to  population.  In  estimating  ventilation  kit 
requirements  by  county,  the  entire  conglomerate  risk  population  or  relocated 
host  plus  Indigenous  population  was  allocated  to  all  available  shelter  stories 
in  the  county.  The  resulting  equipment  requirements  were  then  apportioned  by 
the  percentage  of  the  population  associated  with  the  counterforce  risk  or  host 
area.  This  effectively  gave  equal  priority  to  everyone  In  the  conglomerate. 
Finally,  equipment  requirements  were  put  in  terms  of  numbers  of  ventilators 
required  per  shelter  space.  These  ratios  can  be  used  to  estimate  equipment 
requirements  for  incompletely  surveyed  counties  or  to  reclaculate  requirements 
when  better  data  defining  counterforce  risk-  and  host-areas  are  available. 

Time  and  funds  did  not  permit  the  development  of  statistical  measures  of 
the  accuracy  of  the  ventilation  equipment  requirement  estimates  However, 
because  the  PVK  requirements  are  based  on  actual  distributions  of  shelter 
story  sizes  and  actual  zonal  ventilation  requirements,  those  estimates  should 
be  reasonably  sound.  Their  accuracy  is  subject  mainly  to  the  assumptions 
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concerning  PVK  capacity  (4,000  cfiti  for  aboveground  stories,  3,000  cfm  for 
basement  stories).  Since  the  PVK  capacities  are  based  on  the  use  of  all  of 
the  duct  packaged  with  the  kit,  the  estimates  of  requirements  probably  tend  to 
be  high. 

The  estimates  of  Kearny  pump  requirements  are  subject  to  greater 
inaccuracies  because  of  the  lack  of  room  and  aperture  configuration  data.  As 
has  been  noted  in  a  previous  RTI  study  [12],  th»se  data  are  not  collected 
during  the  CRP  Host  Area  Shelter  Survey.  They  are  also  not  available  for  NSS 
facilities  in  the  NSS-CRP  Master  File.  Therefore,  the  distributions  of  floor 
configurations  used  herein  were  derived  from  a  random  sample  of  NSS  shelter 
stories  drawn  f.'om  a  10-year-old  RTI  research  report  [11].  It  is  recommended 
that  more  work  be  done  to  cha; -vcteri ze  the  floor  and  aperture  configurations 
of  both  NSS  and  CRP  facilities.  This  could  be  accomplished  through  revised 
NSS  and  data  input  procedures,  or  through  independent  surveys  designed 
strictly  for  this  purpose. 

Ventilation  kit  requirements  were  estimated  unjer  "best  case"  and  "worst 
case"  scenarios  in  order  to  create  upper  and  lower  bounds  on  the  requirements. 
The  wide  range  between  the  "best  case"  and  the  "worst  case"  requirements  is 
indicative  of  the  high  percentage  of  available  shelter  stories  that  is 
contained  in  the  small  size  categories.  Because  of  the  uncertainties 
associated  with  wind-driven  ventilation  and  the  site  specific  factors 
affecting  its  erformance,  the  conservative  approacl)  would  be  to  base 
equipment  procurements  on  the  "worst  case"  results.  The  large  variations  in 
requirements  even  between  counties  in  the  same  counterforce  area  show  that 
procurements  cannot  be  made  on  the  basis  of  broad  general  guidelines  and 
emphasize  the  need  for  more  detailed  site-specific  shelter  story  ventilating 
characteristics  information. 
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A  secondary  objective  of  this  study  was  to  develop  a  priority  system  that 
can  be  used  to  choose  shelter  stories  In  areas  with  surplus  shelter  spaces  In 
a  way  that  will  minimize  the  total  number  of  ventilation  kits  required. 
Independent  of  other  considerations,  the  priorities  are  straightforward. 
Because  more  apertures  are  available,  aboveground  shelter  stories  require 
fewer  ventilation  kits  (PVKs  and  Kearny  pumps)  than  belowground  stories. 
Aboveground  shelter  stories  with  complex  configurations  (more  partitions  to 
distribute  air)  require  fewer  Kearny  pumps  than  aooveground  shelter  stories 
w1tl(  simple  configurations.  For  belowground  shelter  scorles,  the  opposite  Is 
true;  shelter  stories  with  simple  configurations  should  require  fewer  Kearny 
pumps  than  shelter  stories  with  complex  configurations  (more  dead>end  rooms). 
However  If  a  shelter  story  Is  chosen  simply  on  the  basis  of  ventilation 
equipment  requirements,  other  factors  may  be  comproirlsed.  For  example, 
belowground  shelter  stories  offer  more  fallout  and  blast  protection  than 
aboveground  stories.  The  existence  of  sources  of  potable  water,  medical 
supplies,  food  preparation  facilities,  etc.,  as  well  as  shelter  accessibility 
should  also  be  considered.  It  Is  recommended  that  further  study  be  devoted  to 
the  selection  of  shelters  In  areas  with  surplus  shelter  spaces. 
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APPENDIX  A 


"Best  Case"  Counterforce  Area  Ventilation  Kit  Requirements 

This  appendix  contains  the  output  of  the  requirements  program,  computed 
under  "best  case"  assumptions.  Data  are  listed  In  alphabetical  order  by 
state.  Within  each  state  listing  are  the  counterforce  Installations  and 
associated  risk  and  hosu  counties  (Indexed  by  FIPS  Codes).  Data  listed  for 
each  county  Include  the  following: 

•  TOTAL  KP  (total  number  of  Kearny  pumps  required) 

•  TOTAL  PVK  (total  number  of  PVKs  required) 

•  NO-DEV  STORIES  (number  of  stories  requiring  no  ventilation  kits) 

•  KP  STORIES  (number  of  stories  requiring  only  Kearny  pumps) 

•  PVK  STORIES  (number  of  stories  requiring  only  PVKs) 

•  OTHER  STORIES  (r  ‘'er  of  stories  requiring  both  Kearny  pumps  and 

ADDITIONAL  SPACES  NEEDED-HOST  (additional  host  area  spaces  needed) 

•  ADDITIONAL  SPACES  NEEDED-RISK  (additional  risk  area  speces^  needed) 

•  SPACES/PVK-HOST  (average  number  of  host  .rea  spaces  serviced  per 

TW) - 

•  SPACES/PVK-RISK  (average  number  of  risk  area  spaces  serviced  per 
7W) 

•  SPACES/KP-HOST  (average  number  of  host  area  spaces  serviced  per 
Kearny  pump) 

•  SPACES/KP-RISK  (average  number  of  risk  area  spaces  serviced  per 
Kearny  pump) 

Summaries  of  the  above  data  are  printed  for  each  counterforce  area  and 
for  each  FEMA  Region  at  the  completion  of  the  requirements  program. 
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APPENDIX  B 


"Worst  Case"  Counterforce  Area  Ventilation  Kit  Requlrefeents 

This  appendix  contains  the  c  put  of  the  requlretnents  program,  computed 
under  "worst  case"  assumptions.  Data  are  listed  In  alphabetical  order  by 
state.  Within  each  state  listing  are  the  counterforce  Installations  and 
associated  risk  and  host  counties  (Indexed  by  PIPS  Codes).  Data  listed  for 
each  county  Include  the  following: 

•  TOTAL  KP  (total  number  of  Kearny  pumps  required) 

•  TOTAL  PVK  (total  number  of  PVKs  required) 

•  NO-OEV  STORIES  (nur-ber  of  stories  requiring  no  ventilation  kits) 

•  KP  STORIES  (number  of  stories  requiring  only  Kearny  pumps) 

•  PVK  STORIES  (number  of  stories  requiring  only  PVKs) 

•  OTHER  STORIES  (number  of  stories  requiring  both  Kearny  pumps  and 

TWT] 

•  ADDITIONAL  SPACES  NEEDED-HOST  (additional  host  area  spaces  needed) 

•  ADDITIONAL  SPACES  NEE0£0-R1$K  (additional  risk  area  spaces  needed) 

•  SPACES/PVK-HOST  (average  number  of  host  area  spaces  serviced  per 

vw) - 

•  SPACES/PVK-RISK  (average  number  of  risk  area  spaces  serviced  per 

m)  - 

•  SPACES/KP-HOST  (average  number  of  host  area  spaces  serviced  per 
Kearny  pump) 

■  SPACES/KP-RISK  (average  number  of  risk  area  spaces  serviced  per 
Kearny  pump) 

Summaries  of  the  above  data  are  printed  for  each  counterforce  area  and 
for  each  FEMA  Region  at  the  completion  of  the  requirements  program. 
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Fodoral  toargMcy  Manag— nt  Agaaej 
Raaaarch  Offiea 

Attn:  Aaaiatant  Aaaoeiata  Diractor 
National  Proparadaaaa  PrograM 
Washington,  D.  C.  20472  (60) 

Assistant  ilacratary  of  tb«  Arap  (BAD) 
Attn:  Assistant  for  Eosaarch 
Washington,  D.  C.  20306 

Da  fans  a  Tachnical  Xnfomation  Cantar 
Caaaron  Station 

Alaxandria,  Virginia  22314  (12) 

Oak  Eidga  National  Laboratory 
Attn:  Librarian 
P.  0.  Bos  X 

Oak  Eidga,  Tannassaa  37830 


itr.  Phillip  M.  Saiith 
Aaaoeiata  Diractor 
Natural  lasoureas  4  Conn.  Sarrieaa 
Offiea  of  Scianca  and  Taehnology  Policy 
Xsacutira  Offiea  Bldg. 

Washington,  D.  C.  20300 

Los  Alsaos  Sciantific  Laboratory 

Attn:  DoctMHnt  Library 

Los  Alaaws,  Nav  Msxieo  87544 

Tha  lAMD  Corporation 
ATTN:  DociMMnt  Library 
1700  Main  Straat 
Santa  Monica,  CA  90401 


Chief  of  Naval  Eosaarch 
Washington,  D.  C.  20306 

Mr.  Thonas  Watamann 
IITU 

10  Wast  35th  Straat 
Chicago,  Illinois  60616  (2) 


iBorgaBcy  Tachnology  Division 
Oak  Eidga  National  Laboratory 
Attn:  Librarian 
Oak  Eidga,  Tannossaa  37830 

Diractor 

Lovalaca  Foundation 

5200  Gibson  Boulevard,  S.B. 

Albuqiuarqua,  Now  Naxico  87108 

Dr.  Eudolf  J.  Engalnann 
Dapartnant  of  Xnargy 
Dapartnant  of  Military  Application 
Washington,  D.  C.  20345 

Coaanding  Officer 
D.S.  Naval  C.l.  Laboratory 
Attn:  Docunent  Library 
Port  HuanasM,  CA  93401 

Director,  Ar^  Materials  sad  Mechanics 
Easaarcb  Canter 

Attn:  Technical  Library 
Watertovn,  Massachusetts  02172 

Civil  Engineering  Center  AF/PEICBT 
Wright  Patterson  Air  Force  Base 
Ohio  45433 

Axi  P:^rce  Weapons  Laboratory 
Attn:  SDL  Technical  Library 
Kirtland  Air  Force  Base 
Albuquerque,  New  Mexico  87117 

Mr.  Lewis  V.  Spencer 
loon  C3 13-Building  245 
Washington,  0.  C.  20234 


Mr.  Saaual  Krsner,  Chief 
Office  of  Federal  Building  Technology 
Cautsr  for  Building  Technology 
National  Bureau  of  Standards 
Washington,  D.  C.  20234 
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Diraccor,  n.S.  Any  Bailoaar 
Watarwayg  BxpariMaC  Scatioo 
P.O.  Box  611 
Atta:  Documoc  Library 
▼ickaburgh,  Miaaiaaippl  39180 

Diraccor,  D.S.  Axmj  Ealliatic  taaaarcb 
Laboratory 

Attn:  Dociaaaot  ..lorary 
Abardaan  Proving  Ground,  MD  2100S 

Dr.  Williaa  Chanault 
Huaan  Sciancaa  Raaaareh  Inc. 

Waatgata  Induatrial  Park 
7710  Old  Springhouaa  load 
McLaan.  VA  22102 

Mr.  Raymond  Algar 
SRI  Intamational 
Menlo  Park,  California  94025 

Mr.  John  Raapal 

^iak««#aa»  •aaal  VaaatAaaaaaila 

2483  B.  Bayahora 
Palo  Alto,  CA  94303 

Hr.  JaaMa  Back  Aaaociataa 

4216  Loa  Paloa  Avanua 
Palo  Alto,  California  94306 

Dr.  John  Cockayna 
Senior  Sciantiat 
Scianca  Applicationa,  Inc. 

1710  Goodridga  Drive 
P.O.  Box  303 
McLean,  VA  22101 

Mr.  Lao  A.  Scitj'ldt 
Inatituta  for  Dafonaa  Analyaaa 
Progran  Analyaia  ’'iviaion 
400  Aray-Navy  Drive 
Arlington,  Virginia  22202 


Applied  Raaaareh  and  Aaaociataa 
Attn:  Cornaliua  J.  Riggina 
2601  Wyoiiiag  BIv‘.,  Suita  S-1 
Albuquerque,  Raw  Mexico  87112 

Mr.  Kannoth  Kaplan 
Nanagaaant  Scianca  Aaaociate 
P.  0.  Box  239 

Loa  Altoa,  California  94022 

Mr.  Stanley  Martin 

SRI  Intamational 

Menlo  Park,  California  94025 

Mr.  Anatola  Longinow 
Collage  of  Bnginaaring 
Valparaiao  Onivaraity 

Valparaiso,  Indiana  46383 

Dr.  Clarence  R.  Mahl 
Division  1112 

Sandxa  Rational  Laboratoriaa 
Box  5800 

Albuquerque,  Haw  Mexico  87^85 

APVL/Civil  Bnginaaring  Diviaicn 
Kirtland  Air  force  Baaa 
Haw  Mexico  87117 

Mr.  Jud  Leach 

BDN  Corporation 

1801  Randolph  Road,  S.B. 

Albuquerque,  Haw  Mexico  87106 

Univaraity  of  Florida 

Civil  Dafanaa  Technical  Sarvicaa  Canter 

College  of  Bnginaaring 

Dapartnant  of  Bnginaaring 

Gainaavilla,  Florida  32601 
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Mr.  Donald  A.  BaCCfa 
Offica  of  Civil  Praparodoata 
Nacional  Prapai^B***  Protraaa 
Padaral  taargancp  MaaagaMnc  Afancj 
27709WaahiagCoa,  D.  C.  20472 

Mr.  U.  L.  Ruff 

USAI  Watanraya  Kxpariaant  Station 
Poat  Offica  Box  631 
Vickaburg,  Miaaiaaippi  39180 


Mr.  Richard  Laurino 
Cantar  for  Planning  and  Raaaarch 
2483  Baat  Bayahora  -  Suita  104 
Palo  Alto,  California  94303 

Diractor,  Dafanaa  Nuclaar  Agancy 
Attn:  Ton  Rannady 
Waahiogton,  0.  C.  20309 

Diractor,  Dafanaa  Nuclaai  Agancy 
Attn:  Technical  Library 
Vaahingtsn,  D.  C.  20309 

Mr.  Carl  Uiahla 
Dafanaa  Intalligancj  Aganev 
Attn:  CKV  DB--4C2 
Waahington,  D.  C.  20301 

Nr.  C.  Vilton 
Scientific  Service  Inc. 

917  Baat  Bayahora  Drive 

Redwood  City,  California  94060  (2) 


Mr.  Fred  Sauar 

Phyaica  Intarnational  Coatpany 

2700  Merced  Street 

San  Leandro,  California  94977 


Dikawood  Corporation 

1613  Univaraity  Boulevard,  N.  B. 

Albuquerque,  New  Mexico  87102 

Harvey  G.  Ryland 
Ryland  Raaaarch,  Inc. 

5266  Holliatar  Avenue  -*  Suita  324 
Santa  Barbara,  California  93111 


Mr.  Richard  L.  Rill 
Raaaarth  Triangle  Inatituta 
P.  0.  Box  121H 
Raaaarch  Triangle  Park,  N.C. 

Bali  Talaphona  Laboratoriaa 
Attn:  Nr.  B.  Witt 
Mr.  1.  May 
Nr.  J.  Foaa 
Whippany  Road 
Whippany,  N.J.  07981  (3) 

Chief  of  Bnginaara 
Dapartaant  of  the  Amy 
Attn:  BMCBMl-RD 
Waahington,  D.  C.  20314 

Mr.  Walaar  (Jerry)  Stropa 
9600  Columbia  Pika  -  Suita  101 
Bailey* a  Croaaroada,  Virginia  22041 

Nr.  Joaaph  B.  Ninor 
Taxaa  Technological  Collage 
Lubbock,  Taxaa  79408 

R.  L.  Murphy  Aaaociataa 

P.  0.  Box  1727 

San  Mateo,  California  94401 

Prof.  R.  K.  Paflay 
Univaraity  of  Santa  Clara 
Santa  Clara,  California  99093 

Dr .  Barry  Bowan 

Lavranca  Livanaora  National  Laboratory 
Univaraity  of  California 
P.  0.  Box  808 
Livanwra,  CA  94990 

Mr.  Willian  Taylor 

Balliatic  Raaaarch  Laboratoriaa 

Aberdeen  Proving  Grounda,  MD  21009  (2) 

Dr.  Ban  Suaahola 

Rl/2094 

TRW 

One  Space  Park 
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